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CHAPTER I. 

niSTORICAIi NOTICES OF THE MANUFACTURE. 

Origin of the Art.— Brickmaking.— Potter's Wbee1.->Indian Earthenwares. 
—Roman Water-Pipes.— Remains of Ancient Pottery.— Roman Potteries 
in Staffordshire. — Antiquity of the Art in the East.— Porcelain flret 
brought to Rome.— Figures found with Egyptian Mummies.— Chin«- 
Wares brought by Portuguese Traders.- Discovery b^ De Botticber in 
Saxony. — Manufacture attempted in France. — Investigations of Reau* 
mur. — Jonas Hanway's Account of Collection at Dresden.— Works at 
Berlin.— English Potteries.— Plot's Account. — Improvements in Glazing. 
— Wliite Stone-Ware.- Wedgwood's Iniprovementjp.— Exportations by 
Wedgwood. — His Inventions.— Characteristics of Tru« Porcelain.— Poive- 
Iain of Derby.— Of Coalport.— Of Worcester.- Of Rotherham. 

The formation of earthen vessels capable of containinfif fluid 
substances is an art of the very highest antiquity. £i the 
rudest stages idf society, the want of such vessels would call 
forth the inventive powers of mankind ; and, probably, the 
hard shells of some vegetable productions, such as gourds and 
the larger descriptions of nuts, would be first adapted to the 
purpose. The pliant and infrangible nature of the skins of 
animals taken in the chase would, at a very early period, point 
them out as convenient recipients for fluids ; but the prepara- 
tion of these, as well as the fashioning and hollowing of 
wooden bowls, supposes a previous knowledge of some manual 
arts, and implies the possession of tools. After even these 
had been attained, and supposing that the existence of fire, 
and its use in preparing food, nad become known, vessels 
formed of wood, or of the hides of animals, would be of little 
use in rendering that knowledge available. Some savage 
tribes thus circumstanced, have, indeed, made wooden bowls 
subservient to this purpose, by throwing into the fluids which 

B2 
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they ooDtain, stones previously heated in the fire. This man- 
ner (^ boiling water, and of cobking provisions, is, however, at 
best, bat an mconvenient process, and would be immediately 
abaxidoned upon the discovery that certain earthem substances 
were endowed sufficiently with the quality of resisting the 
action of fire. 

It must continue matter of doubt, whether the fiishioning 
and hardening of clay was practised first by the brickmaker or 
by the potter. We know that bricks, thoroughly burned, 
were used at the building of the tower of Babe^ f&OO years 
before the commencement of the Christian era, and 600 years 
nrior to the carrying away into captivity of the Israelite& 
That the use of bricks, for the purposes of building, must have 
become exceedingly common at this last-mentioned period, is 
evident, from the great numbers of the captive Jews who were 
compelled by their Egyptian task-masters to prosecute the 
manufi^ture. It appears that the bricks then made were not 
artificially burned; the chopped straw which entered into 
their composition, and which served to hold the mass together, 
would, in such case, have been destroyed. Specimens of veij 
ancient Egyptian bricks, which have been brought to this 
country, confirm the supposition that the heat of the sun was 
alone employed in baking them. 

Many centuries later, the Romans conducted the manufiic- 
ture of bricks with a great degree of perfection. A compari- 
son oi very ancient Soman ruins, with buildinss of modem 
elevation, will ^low at once how superior are me bricks em- 
ployed in the former, both as regards solidity and beauty. 
Specimens of the potter's art, if even any such existed at an 
equally early period, could not be expected to continue in be- 
ing for so many a^ ; if, mdeed, they had withstood the de- 
stroying hand of time, and descended to the present day, they 
would not bring with them any direct testimony of their date 
of production, and could throw little or no light upon the ques- 
tion of priority. It is certain, however, that, in very remote 
ages, the potter's art had attained to a considerable degree of 
usefiilness, since the earliest authentic records allude to the 
potter's wheel as to an implement of then high antiquity. 

The same wants would arise in difierent portioDs of the 
globe ; and in all cases, where similar means for their grati- 
fication presented themselves, it is not surprising that these 
means should be equally embraced by all. Accordingly, it 
has been found, in newly-discovered countries, and among 
people comparatively rude and unacquainted with most of the 
arts which conduce to human convenience, that the use of 
earthen vessels has been enjoyed for ages before the existence 
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of the people was even surmised. Among other proofe of 
this &ct, it may be mentioned, that vases have been found 
among tlie aboriginal Indians oh the Mosquito shore, which, 
even by those people, were preserved as memorials (^antiquity. 
There is no reason to doubt that these vessels 'were the man- 
ufacture of the country in which they were found, as the re- 
mains of ancient potteries have been discovered at a considera- 
ble distance up the Black River on that coast ^ 

There would be little advanta^ in entering upon an in- 
vestigation to determine the precise degree of antiquity of the 
potter's art, if even there existed any siuBcient guides to direct 
us in the inquiry. It will be more profitable at once to fore- 
go all fimciful [^peculations, and to commence the relation of 
a few facte, and such only as bear the stamp of authenticity. 
The detail of these need not occupy much time or space, 
which may be more advalttageously devoted to descriptums of 
the art as it exists in the present day, than to the building up 
of theories, the truth of which can never be demonstrated 

We learn, on the authority of Vitruvius, who wrote in the 
Augustan ase, that the Romans then made their water-pipes 
of potter's cky. This people, who introduced a knowledge of 
the useful arts practised by themselves wherever their coo- 
quests were extended, established potteries in EngUnd, where, 
among other articles, similar water-pipes were made. Some 
of these, about a century ago^ were dug up in Hyde Park. 
They were found to be two inches in thickness, and were 
iirmly jointed together with common mortar -mixed with oil. 

It has been asserted that the ancient Britons were in the 
practice of making pottery before the invasion of this country 
by the Romans; and in su{^rt of this belief is brought the 
fact, that urns of earthenware have been taken fhxn barrows 
in dififerent parts of the kingdom. On the other hand, the 
concurring testimony of various writers gives reason for sup- 
posing that our ancestors were in those days supplied with 
such articles by the Venetians. Vestiges of considerable Ro- 
man potteries are discernible in many parts of the island, and 
particularly in StafS)Tdshke, on the site of the great potteries 
which have so long been carried on in that county. In sink- 
ing pits for various purposes, remains of Roman potteries have 
occasionally been discovered there at a considerable depth 
below the surfiice. 

Governor Pownall relates, that in his time (1778) the men 
employed in iishing at the back of the Margate Sands, in the 
Queen^s Channel, frequently drew up in their nets some 
coarse and rudely-formed earthen vessels, and that it was 
common to find such pans m the cottages oi these fishermen. 
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It was for some time believed, that a Roman trading vessel, 
freighted with pottery, had been wrecked here ; but on more 
particularly examining the spot, called by the fishermen Pud- 
ding-pan Sand, some Roman bricks were also discovered, ce- 
mented together, so as to prove that they had formed part of 
some building. Further researches showed that, in Ptolemy's 
second book of Geo^phy, an island was designated as existing 
in the immediate vicinity. Such pans as were recovered in a 
sound state were of coarse materials and rude workmanship- 
many having very neatly impressed upon them the name of At- 
tilianus; but fragments of a finer and more fragile description 
of pottery were Kkewise brought to the sur^e ; and little doubt 
remains that, during the time of the Roman ascendency in 
England, a pottery was established here upon an island which 
has long since disappeared, and that the person whose name 
has been thus singularly preserved was engaged in its man- 
agement 

The high antiquity of the art in China, and the proficiency 
which had been acquired in its pursuit, several centuries be- 
fore the produce of their manufactories found its way to Eu- 
rope, will be shown in a future chapter. Porcelain of superior 
quality was likewise made in Japan at an equally early period ; 
and we learn from Propertius, that at a very remote date, the 
art was commonly practised in Persia, the vessels manufac- 
tured there joining to all the excellencies possessed by the 
porcelain of China, the quality of resisting the action of fire 
to a degree which fitted them for being used in the prepara- 
tion of food. 

Most authors who have noticed in any way the state of 
commerce among the ancients, have referred to the Vasa 
Murrhina particularly described by Pliny,* and mentioned by 
various Greek and Roman authors. The general opinion was 
long in fiivor of these vases having been the true porcelain of 
Chma. This opinion has, however, been examined with con- 
siderable industry and erudition by M. Tabbe le Bland and M. 
Larcher, in two dissertations,! whereby it is rendered evident 
that the Vasa Murrhina were formed out of a transparent stone 
dug from the earth in some of the eastern provinces of Asia. J: 
There is abundant evidence to show that Oriental porcelain 
was not uncommon in Europe during the first century. The 
pieces of this manufacture which, according to Pliny, were 
first seen in Rome, were brought there from Pontus in Asia, 
by the army of Pompey, 64 years before Christ 

* Nat. Hist. lib. xxvii. f M6m. de Litterat. tome xliii. 

X Robertson's Disquis. concerning India, second edit. p. 387. 
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little figures covered with a fine deep-blue glaze, which 
are found deposited with ^yptian muminies, cause it to ap> 
pear that porcelain was made in Egypt in very ancient times. 
It is a cunous fiu^t, that the coloring matter wherewith these 
%areB are ornamented, and which has been subjected to var 
riotts chemical tests, affinds every indication of its being oxide 
oi cobalt, the identical substance employed fi>r the same pur- 
pose by the European porcelain manufiMsturers of our day, but 
the use of which was unknown to us until a comparatively 
recent period. The ore of cobalt was formerly thrown aside 
by the miners of Saxony as useless, or was employed only in 
mending roads.* 

The Portuguese traders were the means of introducmg the 
fine earthenwares of China into more general use in Europe ; 
and the name assijgned to the &bric, as distm^iahing it from 
the coarser descriptions of pottery of domestic manufacture, 
was most probably given by them— }M)rce22anii signifying, in 
the Portuguese lanffuaee, a cup. It has been attempted to prove 
a different ongin for the name-^attributmg this to the resem- 
blance which the glazing or vamieh, and probably the colors, 
of porcelain bear to the shells used in aome parts of the East 
instead of money (couries), and which, from the similarity of 
Iheur shape to tliat of the back of a little pig, were also called 
porceUa. 

The poBsefiEnon of porcelain vessels afGirded but little insight 
into the nature c^ their composition or the mode of their man- 
n&cture, as to which many unfounded theories were from 
time to time proposed. It was long believed, on the authority 
of Cardan and the elder Scaliger — ^who, although violently 
opposed to each other on various and more important subjects, 
yet agreed in this — ^that porcelain was made mxn a mixture of 

* " About the end of the fifteenth century, cobalt appeara to have been 
dognp in fprest quantity, in the mines on the borders or Saxony and Bohe- 
mia. As It was not known at first to what purpose it could be aj^ied, it 
was thrown aside as a useless mineral. The miners had an aversion to it, 
not only because it gave them much flruitless labor, but because it often 
proved prejudicial tp their health, by the arsenical particles with which it 
was combined ; and it appears even that the mineralogical name eobaU then 
first took its rise. Frisch derives it from the Bohemian word ifcoio, which 
signifies metal ; but the conjecture that it was formed from eabahu, which 
was the name of a spirit that, according to the superstitious notions of 
tbe times, haunted mines, destroyed the labors of the miners, and often 
gave them a great deal of unnecessary trouble, is more inrobable. The 
miners perhaps gave this name to the mineral out of joke, because it 
thwarted them as much as the supposed spirit, by exciting fklse hopes and 
rendering their labor often fruitless. It was once customary to introduce 
into the church service a prayer, that God would preserve miners and their 
works from KohoUa and spirits."— BMJbnaim, Rtt. (if hatnttivM, vol. ii. 
PP 341, 343. 
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broken egg and sea shells, which were preparatiyely buried in 
the earth for nearly a hundred year& 

It was not until the beginning of the 18th century that any 
light was thrown upon the subject At that time, the Jesuit, 
Francis Xavier d'Entrecolles, who was residing as a misBionary 
in China, contrived to elude the jealous vigilance so generally 
practised towards strangers in mat count^ ; and not only ob- 
tained specimens of the earths used in the composition of their 
porcelain, but also acquired some knowledge of the processes 
employed in the manmcture at King-de-chin^ A very cir- 
cumstantial letter was written by the learned father on the 
subject, and published by Grosier in his general description of 
Chma : but owing to a want of practic^ knowledge on the 
part of D'Entrecdles, his descriptions proved so defective in 
many particulars, as to afS)rd little or no assistance ; besides 
which, it was not until some time after the publication of his 
letter that any substances similar U/ihe eartiis transmitted by 
him could be discovered in France. 

About the same time, and while the acquisition of these 
Chinese specimens was exciting the celebrated Reaumur to 
their examination, and to the institution of a series of experi- 
ments which will be hereafter mentioned, an incidental dis- 
covery made by the baron de Botticher, a German alchemist, 
occasioned the establishment of the porcelain manu&cture in 
Saxony. While prosecuting his vain experiments in search 
of the philosopher's stone, this man prepared some crucibles, 
which he observed were caused by the action of heat to assume 
all the characteristics of Oriental porcelain. Blinded by tiie 
avarice which prompted their visionary labors, the adepts of 
that day seem generally to have turned away from the im- 
portant discovenes that courted their notice, and which were 
thus reserved to reward the patient investigations of more phi- 
losophic minds in latter timea From this reproach De Botti- 
cher is free. The importance of the real discovery thus made 
was sufficiently apparent, and he had the wisdom to abandon 
immediately his K>rmer pursuit, and to give up the energies 
of his mind to the establishment of a manu&cture, which was, 
in the end, productive of more beneficial results to himself and 
to his country, than if he had indeed been successful in his 
alchemical labors. The world at large did not immediately 
reap the full benefit of this discovery, as, with a jealousy but 
too common, the processes used in ttie Dresden works were 
veiled in impenetrable secrecy. Up to the period of De Bot- 
ticher's death, in 1719, onl^ white porcelain was made in 
Saxony; yet the success with which this manufacture was 
accompamed, occasioned attempts at imitation in France ; and 
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porcelain works were established at St Cloud, and in tbe 
Fauxbourg St Antoine at Paris — ^the &brics produced in which, 
although of beautiful external appearance, were wanting in 
most of the qualities essential to good porcelain. 

Tlie investigations of Reaumur^ already alluded to, were 
undertaken with more rational views, and prosecuted with a 
more liberal feeling. The result of his researches was com- 
municated by him to the Academy of Sciences, and published 
by that body in 1727 and 1729. Having procured specimens of 
Oriental, Saxon, and French porcelains, and broken them, he 
proceeded to examine their internal structure. The grain in 
both the Chinese and Saxon pieces appeared compact, smootii, 
and shining ; while that of the French ware was less close and 
fine, without lustre, and its grain resembled sugar. He next 
proceeded to ascertain their habitudes on exposure to great 
heat in a crucible, and reported, that all the European speci- 
mens were melted, while that of China remained unaltered. 
This most essential difference led Reaumur to discover the 
true nature of porcelain, which is a semi-vitrified compound, 
in which one portion remains infiisible at the greatest heat to 
which it can be exposed, while the other portion vitrifies at 
that heat, and enveloping the infusible part, produces that 
smooth, compact, and shining texture, as well as transparency, 
which are distinctive of true porcelain. Macquer, in his 
Chemical Dictionary, asserts, that Reaumur was wrong in class- 
ing the Saxon manu&cture with the other fusible porcelains 
of European production ; since the materials of which it is 
composed have always been similar to those of which the China 
ware is made, one portion being absolutely infiisible during the 
baking. 

In his examination of the two porcelain earths received 
from China, which are called in that country pe-tun-tse and 
kao-lin, Reaumur made a small cake of each substance, sepa- 
rately, and exposed both to the heat of a porcelain furnace. 
One, the pe-tun-tse, was fused by this means, without any ad- 
dition ; while the other, kao-lin, gave no sign of fusion. He 
next intimately compounded the two earths, and found, when 
the mixture was baked) that it had acquired all the qualities 
of the finest Chinese ware. 

All that was then wanting for the perfect imitation of this 
admired production was the discovery of materials analogous 
to the specimen furnished by D'Entrecollea The search for 
these was very speedily successful ; and the manufacture of 
porcelain having, fixnn this time, been taken under the royal 
patronage in France, the works of Sevres produced specimens 
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oC^art which viM succefisfolly with thosie jof. Dreeden and 
China. . 

Mr. Jonas Hanway^in tha account of his travels pufolifllied 
in 175^ has ^ven a detailed accounfiof the immense colleo- 
tion of porcelam deposited in the Chinese palace at Ihresdao. 

** ThB vaults of this palace," says Mr. Ha|iway> " consist of 
fourteen apartments fined with Chinese and Dresden porce- 
lain. ' One would imagine there was suffi^ent to stock a whole 
country ; and yet they say, with an aiir of importance, that a 
hundred thousdlid pieces more a^ wanted to complete the in* 
isnldon of furnishing this single palace. 

" Here are a great numher of porcelain figures of wolves, 
bean^ leopards, &x>.— -some of them as big as the li& — a pro- 
.digious variety of birds, and a curious collection of di^rent 
flowers. A clock is preparing for the gallery, whose bells are 
to be also of porcelain : I heard one of them proved, and think 
they are sufficient to fonn any music ; but the hammers most 
be of wood. 

"Here are for ty;^ight .large China vases, which appear to 
be of no use, nor any way extraordinary, except for their great 
size ; and yet his Polish majesty purchased them of the late 
Idng of Prussia at the price of a whole regiment of dragoons." 

One part of this collection must have been peculiarly in- 
teresting, as it exhibited, in an orderly arrangement, specimens 
of Dresden manufacture laid up by this kii^ of Poland, firom 
the first e£R)rt8 of De Botticher, through every subsequent 
gradation ; ** an idea," says Mr. Parke, " truly philosophical, 
and which reflects more honor on his memory than the barter- 
ing away the liberties of his subjects for pieces of foreign 
porcelain." 

Frederick the Great, when he conquered Saxony, forcibly 
carried 'away several of the best workmen firom the manufac- 
tory at Meissen, near Dresden, and conveyed them to Berlin, 
where, since that time,, a considerable quantity of very good 
porcelain has been made for the private advantage of the mon- 
arch. As many as 500 men are constantly employed in this 
establishment; but although much of their material is drawn 
from Saxony, the Prussian porcelain has never equalled in 
quality that of Dresden. 

It is generally believed, that since the time when they were 
first establi^ed by the Romans, potteries have always existed 
in Staflbrdshire, but it is certain that until the beginning of 
the eighteenth century the manufiicture was confined to a 
fow objects of the commonest and coarsest description. 

The district m this county wherein the great biilk of E2ng- 
lish manufiustured earthenware is produced, jb situated about 
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a nule from the borders of Cheshire. The potteries commence 
at a village called Golden Hill, and extend for a distance of 
more than seven miles, oiLSSiiig through other towns and vil- 
lages to Lane End. Tne names of the places comprised in 
this district, hitermediate between the two already mentioned^ 
are Newfield, Smithfield, Tunstall, L<mgport, Burslem, Co^ 
bridge, Etruna, Hanley, Shelton, Stoke, Lower Lane, and 
Lower Del£ AH these have jbrmerly heea si^fficiently dis» 
tinct from each other ; but the increase of the staple nanu&c- 
ture of the district has called for the erection of so many new 
potteries and dwelling-houses, that their individuality has been 
lost, and to a stranger the whole presents very much the ap- 
pearance of one mfe town. In every part of the kingdom, 
except the district itself^ the whole are ranked under one 
general name — ^that of the Potteries. Etruria is the creaticm 
of the celebrated Josiah Wedgv^ood, by whom the place was 
thus named af^er one of the ancient Italian states, celebrated 
for the tasteful forms it gave to its pottery, specimeos of which 
have materially promoted the improvement of our modem 
English wares. 

Ci the year 1686, when Dr. Plot published a Natural Hich 
tory of Stafibrdsl^e, its trafic in earthenware was very unim- 
portant — being carried on only by the workmen themselves, 
Gr by .pedlars, who conveyed the pieces in baskets on their 
bacl^ through the adjoinmg counties. About the time just 
mentioned (1600), two brothers, named Elers, came fhun Nu- 
remberg, in Holland, and settled at Bradwdl, where they 
made an improved land of red ware, and introduced the art 
of glazing the vessels by throwing common salt into the oven 
at a certain period of the baking.* Every precaution was 
used W the brothers to keep their processes secret; and it is 
probable that tiiis circumstance, jomed to the success of the 
strangers, excited the enmity and jealousy of their neighbors 
to the degree which obliged them to leave the country. The 
pretext assigned for this persecution was the alarm occa^iioned 
by the fumes from their lulns diiring the time of glazing. These 
fears subsided, however, when the process was contmued b^ 
their successor. This man, whose name was Astbury, had, it 
is said, become master of their secrets by a singular stratagem. 
Feigning to be of weak mtellect, and assuming an approbate 
vacuity of countenance, he obtained employment in tne Brad- 
well works, and submitted to all the drudgery and contumely 
which were drawn upon him by his suppled imbecility. By 

* The salt is decomposed by this means ; and, rising in fbmes, the alkali 
which it contains combines with the silica of the ware, and forms a true 
Slass which covers the entire surface. 

c 
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this course of proceeding, he was enabled, unsuspected, to 
acquire a knowledge of all that was done in the manufactory, 
and to make modek for his own use of all the utensils. 

The advantages of this method of glazing with salt were so 
apparent, that in a diort time it was very generally adopted ; 
and on Saturday, the day appropriated to this process, the 
thick fumes from nearly sixty potteries filled the towns to a 
degree which darkened the atmosphere, and covered the hills 
of the surrounding district* 

To Astbury is generally ascribed the introduction of white 
stone-ware, by the adoption of calcined flints in its compositioa 
The popular version of the origin of this improvement states, 
that ** while travelling to London on horseback, in the year 
1720, Astbiuy had occasion, at Dunstable, to seek a remedy 
for a disorder in his horse's eyes; when the ostler at the inn, 
l^ burning a flint, reduced it to a fine powder, which he blew 
into them. The potter, observing the beautiful white color 
of the flint alter calcination, instantly conceived the use to 
which it mi^ht be applied in his art^f 

The ment of this man has been somewhat overlooked, 
while contemplatin£^ the greater claims to admiration possessed 
by his more philosoimic successor in the course of improvement 
That could have been no common mind, however, which led 
Astbury to the long-continued pursuit of his objject, by means 
80 humiliating ; and which also enabled him, on the occasion 
just related, to seize unpn a fiu;t thus accidentally presented, 
and which, although oiligh importance to his art, might have 
passed unheeded oefore the eyes of many a oommon-plaoe 
manufacturer. 

The step thus made was of consequence in preparing the 
way for the far greater advances towards pei^tion, after- 
wards accomplished by Mr. Joeiah Wedgwood. This extra- 
ordinary man owed none of his success to fortuitous circum- 
stancea Devoting his mind to patient investigations, and 
sparin£f neither pains nor expense in accomplishing his airoSy 
he ga£ered round him talented artists from difiTerent countries, 
and drew upon the stores of science for aid in pursuing the ob- 
jects of his praiseworthy ambition. The early and signal 
prosperity whereby his effi>rts were attended, served only as a 
motive urging him forward to new exertions, and as the means 
for calling forth and encouraging talents in others, in a manner 
calculated to promote the welfare of his coimtry. Previously 
to his time, the potteries of Staffordshire produced only inferior 
fabrics, flimcfy as to their materials, and void of taste in their 

* Parke, Obem. Cat. p. 135. f Parke, Cbem. Cat. p. 136. 
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fornoB and onmmenls— the best aipoo^ them being only 
wretched imitations of the grotesque and unmeaning' scenes 
and figores portrayed on the porcelain of China. But such 
have been the efi^ts resulting from the exertions and exam- 
ple of this one manu&cturer, that the wares of that district 
are now not only brought into general use in this country, to 
the exclusion of all foreign goods, which had before been 
largely imported, but English pottery has since been sought 
fbr and celebrated throughout the civilized world, and adopted 
even in places where the art was previously prosecuted. An 
intelligent foreijgner, M. Faujas de Saint Fond, writing on this 
subject, says, "its excellent workmanship, its solidity, the ad- 
vantage which it possesses of sustaining the action of fire, its 
fine glaze impenetrable to acids, the teauty and convenience 
of its form, and the cheapness of its price, have given rise to 
a commerce so active and so univerail, that in travelling from 
Paris to Petersburgh, from Amsterdam to the further part of 
Sweden, and from Dunkirk to the extremity of the south of 
France, one is served at every inn upon ihglish ware. 
Spain, Portu^ and Italy, are supplied with it ; and vessels 
are loaded with it for the East Indies, the West Indies, and 
the continent of America."* 

It is not among the least of Mr. Wedgwood's merits, that 
he overcame the disadvantages of a defective education ; and, 
amid the calls of an incessantly active life, found time wherein 
to school his mind in all the discipline necessary for investiga- 
tions purely scientific. The ample fortune which he acquired 
was ever ready for promoting the spread of knowledge, en- 
couraging the efforts of genius, and lessening, as fiur as piossi- 
ble, the suflferings of his fellow-creatures. His charities, pub- 
lic and private, and especially in his own district, were ex- 
emplary and consistent He gave life to many objects of 
public utility. The Trent and Mersey canal was undertaken 
and accomplished through his influence ; and by the benefits 
it has produced to the district, and to its proprietors, has fully 
approved his wisdom in its promotion. 

The principal inventions of Mr. Wedgwood were — 1. His 
table ware ; the merits of which are, tliat it has a dense and 
durable body, and is covered with a brilliant glaze, capable of 
bearing uninjured sudden and great vicissitudes of heat and 
cold. This ware, as it was capable of being manufiictured 
with ease and expedition, could be sold at a cheap rate, and 
would still yield a handsome profit to the inventor. Its va- 
rious qualities, so superior to any possessed by previous manu- 

* TravelB in England and Scotland (English translation,) vol. i. p. fl7- 



28 PORCELAIN KANUFACTUBE. CHAP. I. 

fiictures of either domestic or foreign production, caused this 
ware to be taken into immediate and universal favor with the 
public. Among others, the queen bestowed upon it the tribute 
of her admiration and patronage ; commanded it to be called 
queen* s toare — a name which it continues to bear to the pres- 
ent day ; and honored Mr. Wedgwood by appointing him her 
majesty^s potter. 

2. A terra cotta, which could be made to resemble por- 
phyry, granite, Egyptian pebble, and other beautiful stones of 
the silicious or chrystalline order. 

3. BcLsaUeSy or black ware. This was a black porcelainous 
biscuit, having nearly the same properties with the natural 
stone. It would emit sparks when struck with steel; was 
capable of taking a high polish ; resisted acids ; and would 
bear, without injury, a stronger degree of heat than even the 
natural basaltes. 

4 White porcelain hi8cwt. This ware had a smooth, wax- 
like appearance, and was possessed of all the properties ex- 
hibited by the preceding invention, differing from it only in 
repaid to its color. 

5. Bamboo, or cane-colored porcelain biscuit, of the same 
nature as the preceding. 

6. Jasper, This was also a white porcelainous biscuit, of 
exquisite delicacy and beauty, having in general all the prop- 
erties of the basaltes, with this in addition, — ^that it would re- 
ceive through its whole substance, from the admixture of 
metallic oxides, the same colors as those oxides communi- 
cate to glass or enamel in fusion. This peculiar property, 
which it shares with no other porcelain or earthenware body 
of either ancient or modem composition, renders it applicable 
in a very pleasing manner to the production of cameos, por- 
traits, and all subjects that require to be shown in bas-relief; 
since the ground can be made of any color •that may be pre- 
ferred ; while the raised figures are of the purest white. 

7. A porcelain biscuitj possessing several properties that 
render it invaluable to the chemist, and which have occasioned 
this invention to be brought into general use in all laboratoriea 
The ware is exceedingly hard, being littie inferior in this re- 
pect to agate, whence it is peculiarly adapted for forming 
mortars. It resists the action of the strongest acids and of aS 
corrosive substances, and has the further quality of being per- 
fectly impenetrable by any known liquid. 

The investigations of Reaumur, already detailed, make it 
evident that the characteristics of porcelain, as &r as they de- 
pend upon semi-vitrification, may be obtained when ingre- 
dients wholly fusible are employed, provided the fire be care- 
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fully withdrawn from the oven at the precise moment when 
vitnfication has arrived at, and not proceeded beyond, a certain 
point Accordingly, this porcelain was, at one time, very com- 
monly produced both in this and other comitrie& The quality 
of goods thus composed is always inferior to that of true porce- 
lain ; and, if further or again exposed to the heat of the fur- 
nace, the substance would entirely change its nature, and run 
mto a vitreous and shapeless mass. 

Porcelain of this description, much esteemed for its beauty, 
was long mann&ctured at Bow and at Chelsea. It was not 
until the year 1768, that Mr. Cookworthy discovered certain 
mineral substances in Cornwall similar in their properties to 
the porcelain earths of China ; and having secured to himself^ 
by patent, the exclusive right of using those materials, was the 
first person who made true porcelain in England. 

In practising this art, Mr. Cookworthy, and those to whom 
he afterwards assigned his patent right, attained to considerable 
success as regard^ the quality of their manu&ctures, although 
the demand mr their goods did not prove proportionate to the 
money expended in brining the processes to perfection. One 
probable cause &r the inadequacy of their remuneration, ex- 
isted in the successful efforts of Mr. Wedgwood, which have 
been already detailed, for improving the quality of common 
earthenwares made in StafiS)rdshire, wherel^ foreign porcelain 
was rendered less an object of desire, and consequently its suc- 
cessfol imitation was no longer considered as being of any 
great importance. 

The extent to which, in the year 1785, this manufiicture had 
arrived, and its importance to the three ^eat interests of the 
country — ^landed, maritime, and commercial — ^may be collected 
from the evidence then given by Mr. Wedgwood before a com- 
mittee of the privy-council, and at the bars^ the two houses 
of parliament The question at that time vfter the considera- 
tion of the legislature, and upon which these examinations 
were taken, arose out of the proposal of government to abolish 
the system of commercial restrictions and disabilities then ex- 
isting between Great Britain and Ireland, and to render the 
intercourse between the two divisions of the empire nearly as 
free and unrestricted as that between the counties of Durham 
and Northumberland; a proposition so perfectly natural and 
reasonable in itself, that, but for the possession of records 
wherein they have been preserved, we might really be at a 
loss to conjecture the nature of the arguments whereby it was 
opposed and defeated. 

In the course of the discussions to which this subject gave 
rise in the house of lords, the marquess of Lansdowne, remark- 
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ing upon the evidence given by the respectable merchants and 
manoractiurers at the bar of theboiise, declared that the result 
to which he in his own mind had arrived was tbe very opposite 
to the conviction whirii they had adopted. * Though much 
Valuable in&rmation may/' said his lordship, '^doubtless, be de- 
rived froni their evidence, it must not be forgotten that they are 
men -peculiarly subject to jnrejudice and error, in all cases 
Inhere their petsonal interests are concerned. Were any one, 
for instance^ to ask a manufacturer of Hali&x, What is the 
greatest crime upon earth ? Is it felony, is it murder, is it par- 
ricide ? No ! he would answer ; it is none of these — ^it is the 
exporting of wool." 

In later tunes, we haye seen this measure of justice and 
sound policy more successfully brought forward ; and it is ac- 
knowledged that each country has smce been reapmgf benefits 
in consetpience, ifpon the inevitable arrival of which npliiing 
but the strongest commercial prejudices and national jealousy 
could have thrown even a momentary doubt 

Mr. Wedgwood, in the course of the evidence already al- 
luded to, thus remarks :-^" Though the manufacturing part 
alone in the Potteries, and their immediate vicinity, gives bread 
to 15 or 20,000 peqple, yet this is but a small object when com> 
pared with the many otiiers which depend on it ; namely, 1st, 
The immense quantity of inland carriage it creates throughout 
the kingdom, both for its raw materuls and finished gooda 
2d, Tlie great number of people employed in the extensive 
collieries for its use. 3d, The still greater number employed 
in raising and preparing its raw materials in several distant 
parts of England, ^om near the Land^s End, in Cornwall-— one 
way along (Afferent parts of the coast, to Falmouth, Teignmouth, 
Exeter, Pool, Gravesend, and the Norfolk coast; me other 
way to BiddefoidjAVales, and the Irish coast 4th, The coast- 
ing vessels, whidB after having been employed at the proper 
season in the Newfoundland fishery, carry these materials 
coastwise to Liverpool and Hull, to the amount of more than 
20,000 tons. yearly ; and at tunes when, without this employ- 
ment, they would be laid up idle in harbor. 5th, The fiirther 
conveyance of these materials e'en! those ports, by river and 
canal navigation, to the Potteries, situated in one of the most 
inland parts of this kingdom ; and, 6th, The reconveyance of 
the finished goods to the different parts of this island, where 
they are shipped for every foreign market that is open to the 
earthenwares of England." 

Mr. Wedgwood very justly observed fiurther, that this manu- 
&cture is attended with some circumstances of advantage 
which are almost peculiar to itself; viz. that the value of we 
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finished godds consists almost wholly in the labor bestowed 
upon them; that. every ton of raw materials producei several 
tons of merchandise for shipping,, the freigbt being puid^ not 
upon the weight, but according to.the^biidl^; that scarcdy a 
vessel leaves any of our ports 'whooe lading is not in part made 
up of these cheap, bulky, and, fixr these reaeens, valinMe articles, 
to this mahtime coundry ; and that jfoUy five parts in six of the 
ikggregoXe manufactaresof the Potteries are exported to fereiga 
markets. 

Importa&t as were tiie advances which at that time had beea 
made in the art, Mr. Wedgwood was still of opinion tiuut they 
could be considered but as the beginningof improvements^^ 
that these were still bat in their in&nc^, and but of little mo- 
ment when compared with those to which ike art was capable 
of attaining, through the continued industry and growing ig^ 
telligeace of the roanu&cturers, in combination with and fostered 
by the natural &cilities and political advantages enjoyed by the 
country; aa opinion fiilly borne out by the event, and which 
our progressive experience shows to have been funded on clear 
and accurate perceptions. 

The manufacture of earthenwares in England is &r ihna 
being restricted to die district in Stafibrdshire which has been 
described already as having acquired the name of ** the Pot* 
teries.'* Establishments for making the commoner kinds cf 
wares are to be fomid in many ana various parts of the king- 
dom ; at Lambeth, especially, several manu&ctories of stone 
pottc^ have been carried on for considerably more than a cen- 
tury, producing articles- which have never been surpassed in 
any country, either for the excellence of their materials and 
workmanship, or for the magnitude of the vessels and the va- 
riety of uses to which they are adapted. The Lambeth ware 
may, in fact, be pronounced perfect of its kind. 

Porcelain has long been made at Derby, and at Coalpott, 
near Colebrook Dale, in Shropshire. Establishments have sub* 
sequently risen in the city of Worcester, wherein very beauti- 
ful specimens are poduced ; and yet more recently^ the 
mantdfacture of excellent porcelain has been engrafted upon a 
long-established pottery for commoner wares, situated at Swin- 
ton, near Rotherham, in Yorksliire. At the Rockingham 
works, which have been so named in compliment to their early 
patron, the celebrated marquess of Rockingham, porcelain is 
now produced which vies successfully in every kind of excel- 
lence with that of older English establisl^ments. Among many 
other specimens which attest the proficiency of the Yorkshire 
manufacturers, two may be more particularly mentioned, which 
are deserving' of more than common attention as denoting the 
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degree of advancement to which the art has reached in 
Ei^land. 

One of these pieces is a copy in enamel colors, made on a 
porcelain tablet, from an original painting by Vandyke, and 
now in the possession of the noble inhabitant of Wentworth 
Castle. The subject of the picture is, ** The earl of StrafS)rd 
occupied in dictating his defence to his secretary." The exe- 
cution of this copy dees justice to the masterly original ; and, 
in regard to expression and cdoring, has been pronounced equal 
to the most admired productions of the Sevres works. The 
other specimen is remarkable not only for elegance of design, 
and the goodness of the workmanship, but a&o because it is 
believed to be the largest piece of porcelain that has hitherto 
been made in this country. It is a scent-jar, forty-four inches 
high, made and fired in one entire piece. The base, or plinth, 
is triangular, having a circular projection at each angle ; f5rom 
these rise lions' paws, upon which tlie gloMar body of the jar 
is supported. The scent is allowed to escape through hexag- 
onal openings in the neck. The jar is divided into three com- 
partments, by as many rustic handles of knotted oak ; while 
branches of the same tree, with their rich foliage rising irom 
the plinth, are spread tastefiilly over the lions' paws, and thence 
entwinmg with the handles, rise and encircle the base of the 
neck. The ornaments of the cover are in keeping with those 
of the, jar, it being covered with branches and foliage of the 
oak : the whole is surmounted by the figure of a rhinoceros. 
The three compartments into which the jar is divided are en- 
riched with highly finished paintings in enamel colors, executed 
by one of the proprietors of the works, from designs by Stothard, 
the subjects of which are drawn firom the admirable romance 
of Cervantes. The circular projections at the base, and the 
cover, are adorned with paintings from nature, of six subjects 
of rare botanical plants, the originals of which are in the con- 
servatories of Wentworth Castle. The whole is relieved and 
enlivened by ornamental work, in burnished and chased gold ; 
and the wort, both in its design and execution, is highly honor- 
able to the artists. 

Up to a comparatively recent period, the manufacture of 
earthenwares formed one of the very few branches of domestic 
iifdustry which were left free from tiie evil effects of direct 
, taxation, and, except in one branch, of very minor importance,^ 
tbeart is still in the enjoyment of this immunity; to which fa- 
vorable circumstance may be imputed much of the signal and 
tUiiform success whereby it has been attended. In the year 
1812, when tJie duty upon glass bottles was doubled, the manu- 
ficturera of these represented to the chancellor of the ex- 
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cheqaer, that unless a countervailing tax was levied upon sto^e 
bottles, the latter, being wholly unburthened, would possess an 
un&ir advantage, and might be sold at prices that would drive 
glass bottles out of use. This was a line of argument in no 
wise unpalatable to the minister, who readily caught at the 
suggestion of a new object for taxation ; and a duty of five 
shUlings on each hundredweight was immediately imposed upon 
all stone bottles the content of which should be two quarts and 
under. 

The levying of this duty calL^ for the attendance of revenue 
officers at all hours on the premises of every stoneware manu- 
facturer throughout the kingdom ; and it is very much to be 
doubted whether, in any one year since its first imposition, the 
expensed of collection nave not more than absorbed the whole 
amount paid by the potters. The total quantity of stoneware 
made which is chargeable with the duty does not exceed 600 
tons annually, and a Targe proportion of mis is used for purposes 
to which glass has never been applied. It id not very likely 
that stoneware, the utility of which for many purposes is ex- 
ceedingly great, would ever have been brought into competi- 
tion with a material so much lighter, and in many reelects so 
much more convenient, even nad the pottery continued firee 
firom the domiciliary visits of the exciseman; and now that the 
experiment has been fidrly tried during nearly twenty years, 
and hais been found unproductive of any real revenue, there 
can be no sufficient reason for continuing the impost 
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Different branches of the art.— -Inffredientfl used.— Properties of Alumina.— 
Its infu8iJ^ity.--Oontraction when exposed to heat.— Wedgwood's Pryoni' 
eter.— Composition of (Sems.— Great abandance of Clay.— Properties of Si- 
lica. — Its great abundance.— Sea sand.— Incapable of artificial solution in 
water. — ^Dissolved naturally .—Springs at Carlsbad.— Boiling fountain in 
Iceland. — ^Fusion of Silez.— Kinds of Clay used in Potteries.— Their vari- 
ous merits.— China clay of Cornwall.— Mode of its preparation. — Its anal- 
ysis. — Cornish Felspar.— Its fusibility.— Steatile.— Earth of Bandissero.— 
Its analysis.— Cornish sopestone.— Spuma maris.- Its employment in por- 
celain works in Spain. 

The art of manufacturing pottery and porcelain naturally 
divides itself into four different and distinct branches : the first 
of these c<Rnprehends a knowledge of the nature and peculiai^ 
properties of the various matenals, whereof the vessels are 
composed ; the second comprises the methods used in combining 
these materials, and in fiishioning the vessels ; the third brahcn 
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includes the choice and mana^ment of the colors and enamels 
Employed in painting and ornamenting the wares, together with 
the operations necessary for their conversion ; and the last di- 
vision embraces the means required for completing the manu- 
facture by the aid of fire. In describing, however, the different 
stages of the manufacture as they occur, the painting and baking 
processes must unavoidably be intermingled. 

The chief ingredients employed in the composition of all kinds 
of pottery are clay and flint: these are both classed l^ chemists 
among the primitive earths. The first of them, in its state of 

{>urity, is denominated alufmna, or oxide of aluminum ; and the 
atter is called sUica, or oxide of silicium. It is only since the 
year 1754 that alumina has been acknowledged as a peculiar 
substance ; and the period is much more recent when the re- 
searches of Davy proved it to belong to the class of metallic 
oxides. 

It is of great importance to make choice of a suitable kind of 
clay for the manuracture ; but, according to the remark of the 
celebrated Vauquelin, it is much more important to combine 
this with a due proportion of f int, as good pottery di^rs from 
that which is inferior less in the original quality of its elements 
than in their proportions. 

Clay is an opaque and non-crystallized body, of dull fracture, 
soft enough in all states to take a mark f^om iron; when 
breathed on it exhales an odor which, from its peculiarity, takes 
its name from the material, and is termed argillaceousL This 
is owing to the oxide of iron which is mixed with it, as clay, 
when absolutely pure, does not emit any odor. Clay forms with 
water a plastic paste, having considerable tenacity, and which, 
by the action of heat, is brought to a very great degree of hard- 
ness : it is compact, smooth, and almost unctuous to the touch, 
and when dry, may be easily polished by the finger. It is not 
soluble in water, but mixes readily with it in all proportions, 
parting with difficulty &om the last portion of that which it has 
absorlwd: it will adhere to the tongue. The description of clay 
employed by potters is infusible in the heat of a porcelain flir- 
nace, where some kinds, owing to their being. combined with 
oxide of iron, assume a red color, while others become of a pure 
jfA^J The highest temperature to which clay can be exposed 
/ tends only to increase its density, hardening its substance and 
diminishing its volume. This diminution of volume produced 
by increased temperature is an apparent deviation fit)m the 
general law of expansion by heat ; but the deviation is only ap- 
parent, and is probably produced by the vaporization of liquid, 
combined with the clay. Mr. Wedgwood found that the dimi- 
; nution of volume produced by exposing the clay to these ex- 
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treme temperatures, continued thie same after the clay was suf* '. 
fered to cool, and therefore that its amount admitted of delib- j 
erate and accurate measurement He also supposed (though er- 
roneously) that the shrinkage of the clay was always propor- . 
tional to tiie temperature to which it had been exposed. This; 
led to his well-known invention of the pyrometer, an instru-; 
ment for measuring degrees of temperature beyond the range \ 
of the common thermometer. The instrument consisted of ; 
small cylinders, composed of two parts of the porcelain clay of ^ 
Cornwall, and one part of pure alumina. These, when baked 
m a low red heat and then cooled, were constructed of such a . 
size as just to enter between the wider extremities of twf ; 
brass rods, fixed on a plate twenty-four inches long, half an I 
inch asunder at one end, and three-tenths of an inch at the 
other. These rods were divided to tenths of an inch, and con- 
sequently each division formed the 240th part of the whole' 
lengUL Tlie clay cylinders, being exposed to the heat which 
was required to be determined, were subsequently inserted be- ; 
tween these bars, and by reason of their contraction they ad- ■ 
vanced -between them to a point depending on the amount of ) 
their is^irinkage. ; 

This p3nx>meter, however, has been found to be subject to a '. 
fatal def^t The shrinkage of the clay does not depend on ; 
the temperature alone of me fire to wMch it is exposed, but 
also on the len£[th of time which the fire has acted upon it 
Thus a lesser degree of heat will produce the same shrmkage 
as a greater degree, provided the clay is exposed to the fimner ; 
for a longer portion of time. The instrument has been, conse- 1 
quently, lone since totally laid aside. ^ 

Some of me most valued among the precious stones, such as 
rubies, sapphires, emeralds, jaspers, and others, are composed 
of either alumina or silica, or of the two earths in combination, 
tether with difierent small portions of lime, or oxide of hron, 
or magnesia, &c. The different kinds of clay are most abun- 
dantly spread over the globe, forming in many situations entire 
mountains, in other places existing in vast beds, and elsewhere 
lying among other mineral substonces disposed in strata. It 
has been generally held that clay results from the slow decom- 
position of silicious and aluminous rocks, which being acted on 
by water filtrating through them, their constituent parts have, 
in the course of ages, been separated ; the lighter and finer nor- 
tions remaining united at the top, while the rroeser but less 
tenacious parts have been resolved into sandy deposits. 

Silica, or pure flint, which forms the second material in the 
composition of pottery, has been considered as a primitive earth. 
It is of very common occurrence in m>st parts of the world, in 
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primitive mountains. It is frequently found in great abundance 
embedded in chalk. In Scotland and Ireland it occurs in second- 
aiy limestone. Flint abounds in alluvial districts in the form 
of gravel : an inexhaustible supply of excellent quality might 
be collected on scxne parts of me sea-coast of Englaiid, and 
particularly at and near Brighton, where there is enough of 
this material, known under 3ie name of shingle, to serve the 
whole manu&cturin£^ wants of England for dges to come, while 
its removal would be attended with advantage to the place 
whence it should be taken. Flint is silica in a state nearly ap- 
proaching to purity, its constituents being 

Silica 96. 

Lime 0.50 

Alumina .... 0.25 

Oxide of iron . 0.25 

Loss 1. 



100. 



It is usually gray, with occasional striped delineations occur- 
ring in its substance. It it obtained generally in roUed pieces, 
but often occurs in irregular shapes. It has mtenudly a glim- 
mering lustre ; its fracture is conchoidal, and its fragments are 
sharp-edged. It is translucent When two pieces are rubbed 
together in the dark, they emit a phosphorescent li^t, and 
give off a peculiar smell. We are unable to dissolve silex in 
water. This process is, however, constantlv performed by na- 
ture. The investigations of Klaproth enabled him to detect 
25 grains of silex in 1000 ounces of the principal mineral 
spring at Carlsbad, in Bohemia; and the celelmited boHing 
fountain at Rykum, in Iceland, deposits so considerable a quan- 
tity of silicious earth, that a solid cup has been formed around 
it, rising to a considerable height This solution of silica is 
probably owing, in both these cases, to the solvent power of soda ; 
which IS also present in the water. The water from the spring 
at Rykum used formerly to be projected into the air to the per- 
pendicular height of 60 or 70 feet ; but the overthrow of a 
mass of rock having since partially covered its orifice, the 
stream spouts out laterally to a distance of 50 or 00 feet The 
heat of the liquid,' after it has reached the sur&ce, is sufficient 
to raise the thermometer to the boiling point of water; and 
there is little doubt that the fiuid must nave parted with some 
portion of its heat on emerging into the atmosphere. The ca- 
pability of water, in its dense or liquid state, to assume, under 
these circumstances, a higher degree of heat than that at which 
it boils under ordinary atmospheric pressure, may be partly at- 
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tribatpible to the depth fimm which it ia htoag\iU influenced bgr 
the same law that occaeionB fluids to boil at lower temperatures 
QQ the tops of high nxHutains. Silica is also found ejusting in 
solution in the fith waters. 

The best flints are of a dark gray odor, approaching to black, 
and having a considerable degree of transparency. Those 
which exhibit brown or yellow spots on theur interior wu&ceB 
should be rejected, on account of the ferruginous particles 
which they contain, and which would occasbn bleroishes in the 
ware. Those lar^r masses of flint are always most preferred 
by the potter, which, being dark and clear within, are covered 
with a white crust eztenuilly. The rolled pieces which are 
taken from chalk pits are mostly of this description. 

De SausBure asserts that pure silex may be fused at a heat 
equal to 4043 d^frees of Wedgwood's pjnrometer ; a degree so 
far beyond any that has yet been observed, that one is at a loss 
to know upon what data the assertion is founded. 

The clay principally used in the potteries of StaflS>rdBhire is 
brought to them from Bcnrsetshire and Devonshire. These 
eart^ are both of excellent working quality, and, being free 
from any impregnation of iron, are vuuahle for the great white- 
ness wmch tiiey exhibit when burnt The Dorsetdiire clay is 
brought from the Isle of Purbeck. It is of two kinds, distinguish- 
ed as brown day and blue clay : that from DeVoiuAiire comes 
from the southern parUi£lhei;ouBty,'«nd isalso of two distinct 
qualities, which are known as black clay and cracking clay. 
The clay firaon I)or8etBhire is considered preferable to that from 
Devonshire for the potter's use ; so that it commands a price 
in the potteries equal to one eighth more than the latter. 

The good quahties of brown clay are, that it bums of an 
excellent white, and is not liable to crack during the process 
of burning. On the other hand, it is subject to the considera- 
ble impeiTOction of crizxfn^,— an evil which induces some man- 
ufacturers to discard it altogether from their works. Crazing 
is a technical phrase, used to denote the cracking of the glaze, 
which is believed to arise from the imperfect manner in which 
this is capable of imiting itself with the clay composing the 
body oi the vessel. This defect of crazing is not, however, al- 
ways referable to the cause here assign^, but may be owing 
equally to tiie Eulty nature of the glaze, which may not be ca- 
pable of perfect fusion in the heat of the kiln; or it may result 
from the error of the workmen in withdrawing the wares from 
the kiln at too early a period, and hefare they are properly 
cooled ; the gkze, which is in fact glass, requiring great care^ 
fulness in this respect for its proper annealii^;* and being, with- 
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oat it, very liaUe to crack with every material variation of 
temperature to which it may be suddenly exposed. 

Blue clay combines the greatest number of good qualities, 
and is the most generally esteemed, of all the four descriptions 
here mentioned. It bums exceedingly white, forms a very solid 
quality of ware, and is capable of being advantageously com- 
bined with a greater quantity of silicious earth, or. flint, than 
any of the other kinds ; a quality which is desirable, because 
the greater the proportion of silica that is used, the whiter will 
prove the ware : the limit to the use of flint being the inability 
of the clay to bear it in combination beyond a certain propor- 
tion without cracking. Both these descriptions of c&y are 
much used as ingredients in the manu&cture of porcelain. 

Black clay owes its distinctive color to the quantity of coaly 
or bituminous matter which it holds in combination, but whic^ 
is entirely consumed and dissipated when the clay is submitted 
to tlie heat of the oven, leaving the articles of which it is com- 
posed of a very good white ; and which is, indeed, found to be 
the more perfect in proportion as the clay has originally been 
blacker. Cracking clay has acquired its name Som an evil 
property of occasioning the ware to crack while undergoing 
the first application of fire. To compensate in some decree far 
this evil, the goods in which it is employed prove or an ex- 
treme whit^ess. Much judgment and experience must be 
brought to the employment of this clay, that its tendency to 
cracking may be as much as possible corrected by a pfropor- 
tionate admixture. If clay of any description were dried with- 
out the addition of any other body, after being made sufllciently 
plastic to be modelled on the potter's wheel, it must inevitably 
crack, as the evaporation of its vi^ter will occasion it to shrink 
in the proportion of one part in twelve during the drying. 

Another description of clay, much prized for like manoracture 
of finer kinds of earthenware and porcelain, was found in Corn- 
wall by Mr. Cookworthy, as already mentioned, and is com- 
monly denominated China clsy. This is very white and unc- 
tuous to the touch, and is obviously formed by the gradual dis- 
integration of the felspar of granite. There are found in Corn- 
wall large mountains of this mineral, some of which are thus 
partially decomposed ; this China clay proves, on examination, 
to be identical with the kao-lin of the Chinese. It was found 
by Mr. Grerliard in the course of some experiments wpaA granite 
(which is a compound of quartz, felspar, and mica,) that the 
felspar was melted into a transparent glass, that the mica was 
found lying under it in the form of a black slag, while the 
quartz remained unaltered. 

The China clay of Cornwall is prepared by the day mer- 
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chants on the spot where it is found. The stone is hiokeii up 
into pieces of a small size, and then cast into a running stream : 
there the light argillaceous parts are washed off and held sui^ 
pended in the water, while the more ponderous mica and <juartz 
remain at the bottom of the stream. At tlie end of the rivulet 
the water is stopped by a dam, and the pure clay graduallr sub- 
side& When this deposit is completed, the clear water is drawn 
ofi^ and the solid matter dug out in square blocks, which are 
placed on shelves, and exposed to a cmitinued current of air 
until sufficiently dry to be packed in casks fi>r shipment This 
clay, which is then in the state of a fine powder, is very 
smooth, and of an extreme whiteness. Mr, Wedgwood fbuno 
by analysis that it contains sixty parts of alumina and twen^ 
parts or silica. The manu&cturers are required to pay a much 
higher price for this than for any other of our native earths, 
but for some finer purposes it is alto^ther indispensable. 

A mstion of undecompoeed Comien felspar is often added to 
the day, on account of its fiisibility and tenaciousness, by which 
it binds, as it were, the whole ingredients more closely together. 
The fiisible quality of felspar is owing to the presence o? about 
an eighth part of potass. If this al£iline substance be sepa<» 
rated by decomposition, as is the case with the China clay above 
described, the fusibility no longer exists, and the body remains 
unaltered in the greatest heat of a porcelain fiimace. The use 
of this material has of late been very much increased in our 
porcelain works. It is a curious and very usefiil fiict, that al- 
though neither clay, flint, nor lime can be separately melted, 
yet when mixed together in due proportions, the mass is fiised 
without difficulty, the one mmeral acting as a fiux to the other. 

Steatite, or soapstone, has of late years been very much em- 
ployed in the composition of porcelain. When present, in even 
a small proportion, it limits the contraction of the ware in the 
furuace. Steatite is a subn^cies of mica, which is found 
abundantly in Comwall, and is met with also in the island of 
Anglesea. The mineral which forms the porcelain earth of 
Baudisaero, was long considered to be a superior kind of clay, 
until it was discovered by M. Geobert that it contains not a par- 
ticle of alumina in its composition. This chemist, on endeavor- 
ing to convert the substance into alum, found, to his great sur- 
prise, that he obtained only crystals of sulphate of magnesia 
(Epsom salts). Proceeding thence to analyze it carefiiSy, he 
ascertained its composition to be, magnesia 68, carbonic acid 
12, silica 15*6, sulphate of lime 1^, water 2*8. The soapstone 
of Comwall difiers firom this substance, yielding on analysis^ 
magnesia 44, silica 44, alumina 2, iron 7*3, magnesia 1*5, 
chrome 1*2. It also contains traces of lime and muria;tic acid. 
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In a pnUifihed letter addressed by M. Proust to M. Vauque- 
lin fiom Madrid, mention is made of a beautifbl kind of porce- 
lain produced in that city, and which is described to be of a 
texture even harder than the porcelain of France. Instead of 
employing the kao-lin, the body of the ware is made with spn- 
ma maris, a species of pot-stone found in the nei^boriiood of 
Madrid, and Ate glaze is composed of- felspar Inrou^ht from Gal- 
licia. The pot-stone when taken fitxn the quarry is sufficiently 
soft to admit of its being cut with a knife like soap. Besides 
magnesia* silex, and scnne particles of argil and lime, it ccmi- 
tains a portion of potass, Ihe presence of which, in the com- 
petent opinion of M. Proust, ooatributes not a little to the su- 
perior quality of the mani:dacture. 



CHAP. m. 

ON THB PREPARATION OF MATERIAIiSI. 

Dilation of Clay.— <?beinical Examination of Water necesaary.— Bain Wa- 
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In preparing the clay, the first operation of the pottery is 
that of mixing it with water to the consistence of cream. It 
is well known, that water collected from springs, and from 
many streams, contains various foreign, mattere, some (^ which 
would be injurious to the composition df porcelain. It is there- 
fi>re necMary to examine chemically the properties of water 
before it is employed for this purpose) in order to make choice 
of that which is purest ; and to correct, by some of the well- 
known means, any bad qualities iMt may be present The 
French manufacturers are accustomed to employ only rain 
water, whose near approach to purity fits it for the object In 
Grermany, still more precise in his operations, the manuftctorer 
prepares his materials only twice in the year, at the venMil and 
autumnal equmozes ; persuading himsefr that at these seasons 
there is some peculiarity in the rain which better qualifies it for 
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the purpose of his manufiictare. Althoug^h the grounds for this 
nicety are not apparent, it would savor of presun)pti(m to at- 
tiibate the practice entirely to prejudice. The observations of 
men practically en^faged in manual or chemicd operations have 
frequently led to unprovements in processes, long before the 
reasons whereon these should have been founded have been re- 
vealed by scientific researchea 

The mixing of the clay, which is called blunging, is e&cted 
in a trough five feet long, three feet wide, and two and a half 
feet deep. In order fulty to break down the clay, and mcor- 
porate it with the water, a long wooden instrument, formed 
with a blade at one end and a cross handle at the other, is 
moved violently about in the trough in all directions, so tiiat 
this becomes an operation of great labor. In large establish* 
ments, where machinery is adopted for tiie abridgement of la- 
bor, the blunging is thus effected : — ^The clay is thrown into a 
cast non cylinder, four feet deep, and twenty inches in dkun- 
eter. Through the centre of this cylinder runs an upright 
shaft, furnished with knives placed as radii at right angles to 
the filiaft, but so arranged upon it that their fiat sides are in 
the plane of a spual thread, so that by the revolntioDB of the 
shaft, the knives perform the double office of cutting what- 
ever stands in their way, and of fimsing downwardsuie con- 
tents of the cylinder in the manner of a screw. Another set 
of knives is mserted in the interior sui&ce of the cyluider, 
and these extend to the shaft in the centre, parallel to, and 
corresponding with, the revolving knives: thus the two seta^ 
the one active and the other passive, have the eiEsct of shears 
in cutting the clay into small pieces; while this, in its reduced 
state, is at the same time forced through an aperture at the 
bottom <^ the cylinder, and transferred to a vat for the purpose 
of being mixed with water; a p^rocess which this previous di- 
viding of the clay is found materially to fiicilitate. 

The vat where this mixture is performed is likewise of a 
cylindric form, its diameter being equal to four times its depth. 
In the centre of this vat, also, a perpendicular shaft is inseited, 
fomisdied with cross arms or radii, one below the other. These 
cross arms are connected by upright staves, giving the appear- 
ance of two opposite ^tes hun^ upon the central shaft These 
revolve within the cylmder ; and as they are partially immersed 
in the pulp, the constant agitation mixes all the finer particles 
of clay with the water, while stony particles of greater magni- 
tude M\ to and remain at the bottom. The puJp, now mixed to 
the consistence of cream, is passed off from the vat through a 
aeries of sieves of increasing degrees of fineness, which are 
worked to and fro by machinery ; thus a separation is effected 
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between the groaser parts and that portion which li fitted to 
enter into tlie composition of the ware. 

"Hie next process is that of preparing the flints. These are 
first burnt in a kiln constructed for the purpose, and which 
veiy much resembles an ordinaiy lime-kiln, being of a conical 
shape, and about nine feet deep. While the flints are yet red- 
hot, ihey are removed from the kiln, and in that state are 
thrown mto cold water ; by means of which their attraction of 
aggregation is lessened, so as to facilitate greatly the subse- 
quent operation of grinding : they are next broken, either by 
manual labor, or by machmery. In the latter case they are 
plac^ upon a strong iron grating, and there struck by ham- 
mers, until sufficiently reduced in size to fiill through the gra- 
tiiur to a receiver, whence they are conveyed to the flint mill 

In aadsr to expedite the jpiocess, and at the same time to 
^rind the flints finer, a quantity of water is thrown with them 
mto the milL Another good attending the presence of water 
m this grinding operation, is the presenration of the health of 
the workmen. Before the adoption of this m^hod, die atmo- 
iphere of die roam became charged with the finer particles of 
flint, which, adhering to the lungs, fi>equetttly occasioned dis- 
tiessing and sometimes fatal diseases to the workmen. This 
great imfuxivement was efi*ected by the iUustrious Brindley, 
who likewise invented the mill now used in the procns. Tliis 
is a large circular vat, about thirty inches deep, liaving a een- 
tnl step fixed in the bottom to carry the axis of a vertical 
diaft The moving power is applied to this shaft by a ctown 
coff wheel i^aced on the top. At the lower part d the Aaft, 
and at right angles to it, are fixed four arms, upon which the 
ffrindinf stones are fixed ; larpfe blocks of stone of the same 
kind bemg likewiK pfaiced in the vat These stones are a very 
hard silicious mineral, called chert, which is found in abun- 
dance in the neijE^borhood of Bakewell, in Derbyshire. The 
broken flints beii^ then introduced and complete^ covered 
with water, the axis is made to revolve with great velocity, 
when the calcined flints are-speedily reduced to an impalpaUe 
powder. 

The nature of the grinding stones used in tb^ flint mills is 
of considerable in^portance ; for should they contain any calca- 
reous carbonate, they wOl be abraded ; some part of their sub- 
stance will mix with the flint, and consequently with the body 
of the wares, and thus occasion very serious injury to the man- 
ufiicturer. Some years ago, a very heavy loss was sustained by 
some potters, who had purchased flints ground in a mill the 
stones of which contained carbonate of lime. 

When the flints are thus sufficiently ground, the semi-taid 
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istnneferred to tnother vst, also eoofitnicted With an oprif^ht 
shaft fiirtiished with amis or vanes for the purpose of agitation ; 
and a considerate quantity of water being added, the moving 
power is applied, and tlie whole violently agitated. The pro- 
cess occasicms the grosser and weightier particles to take their 
place at the bottom, while the finer portion remains in suspen- 
sion above ; and in this state is passed for subsidence to a reser* 
voir, whence in due time the supernatant water is drawn off 
throagfa apertures provided for the purpose. 

The dilution of clay is held to be of the proper consistence 
for mixing, when a quantity that will fiO a pint measure 
weighs twenty-four ounces ; and that of the flints is equally 
consdered suitable for use, when the same bulk is brought to 
weigh thirly-two ounces. It is by their specific gravities, that 
is, l^ the comparative densities of these dilutions, as indicated 
by weighing an equal bulk of each, that the manuftcturer is 
enabled to ascertain the real proportions of the materials, and 
to combine them in the de^ees which his experience leads him 
to employ for the composition of various kinds of pottery ; aiid 
too mach nicety can haidly be given to this important part c€ 
his labors. 

The dilutions of clay and flmt bein^ brought together in 
'Citable proportions, and intimately united by agitaticm, the 
mixture is passed, while in a state of semi-flulaity, throu^ dif> 
ferent sieves, in order to separate any remaining impuritiea, to- 

S ether with such portions as have not been sumciently ground, 
y these means the mass presents the utmost uniformity and 
smoothness throughout liie affinity which alumina has fyr 
silica, under all circumstances, is so great, that they will unite 
even in the humid way, forming a kind of mortar; and when 
this becomes hardened by time, it is thereafter incapable of de- 
composition by the action of the atmosphere. 

This fluid mixture of claj and flint is called slip, and, after 
passing through the sieves, is pumped to the slip kdn. This is 
a kind 0^ trough formed of fire-bricks ; its size varies according 
to the extent of the manu&ctory, being of the length of forty 
to sixty feet, from four to six feet wide, and about twelve to 
eighteen inches deep. Flues ftoca fire-places pass under the 
woole extent of the troughs, m which tiie fluid is made to boil, 
^ the process of evaporation is slowly conducted, so as to 
prodnce an uniform consistent throughout the mass. This 
evaporation must be very carefully attended, and the mass fre- 
T^entjy stirred and turned over, otherwise, from the imperfect 
nuumer in which it ccmducts heat, the portion in contact with 
the bricks would become improperly hardened, while the re- 
ouiioder would continue fluid ; in addition to which, flint being 
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specifically heavier than clay, the ibnner would in the first part 
of the process, and while the slip is yet fluid, have a natural 
tendency to subside to the bottom, and thus render the com- 
position of the mass unequal. 

The evaporation is never carried beyond a certain point in 
the kiln ; for should the mass become too dry, it would be im- 
possible to knead it properly, or to mould it on the wheel into 
any of the forms which it is desired to create. The place 
where this evaporation is performed is called the slip-hnue. 

When the clay or paste is removed from the slip-kiln it con- 
tains a great number of air-bubbles, and must be well incorpo- 
rated together or tempered by working or beating it with 
wooden mallets. It is ne;st cut with a kind of spade mto small 
pieces, which are thrown upon the mass with idl the strei^ 
of the workmen, and these operations are persisted in until it 
is supposed that their further continuance would not bring the 
whole to a more complete state of consistence. 

The mixture, when brought to this state, should be suffered 
to remain in a mass for a considerable time before it is used; 
the material l^ this course becomes much more intinmtely 
united than can ever be effected by- mechanical means. It is 
to be feared that, although the English {totters are fully aware 
of this fitct, they yet fitilto adopt so eligible a practice, which, 
as it calls for the employment of greater space, time, and capi- 
tal, is neglected for other' advantages, which, if not so great in 
an extended point of view, are certainly more immediate. 

It is not possible to state the precise proportions wherein the 
clay and flint are brought together in our English potteriea 
Each manufacturer has m this respect his own practice, which, 
esteeming it as the best, he endeavors to keep profoundly se- 
cret ; and, besides, the proportions necessarily vary with the 
quality and properties which it is desired to give to the manu- 
racture. Vauquelin informs us that silex forms at least two 
thirds of all kinds of pottery ; alumine from one fifth to one 
third; lime from l-500th to l-2000th part; and iron from the 
smallest conceivable quantity up to twelve and sometimes even 
flfleen per cent The presence of the two latter bodies is ac- 
cidental, arising from the natural composition of the materials, 
and in particular the oxide of iron, when present in any sen- 
sible de^ee, renders the clay unfit for all purposes, except that 
of formmg the common red ware. 

Parkes, whose practical essay on the making of earthenware 
and porcelain is founded on his own personal observations, 
made during a residence of some vears' continuance at the seat 
of manu&cture, is yet so little able to be precise upon the sub- 
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ject of proportions, that he tells us flint forms a fourth, a fifth, 
or a sixth part by weight of the prepared paste. 

Some portion <^ the china-clay of Cornwall enters into the 
composition of every better kind of earthenware, except only 
the cream-col(»^ sort This ingredient is sometimes added to 
the mass, and blunged with it, and at other times is blanked 
separately and mixed in the required proportion with the uip. 

The clay or paste, when taken fiir use, undergoes the pro- 
cess of siapping. This labor is assigned to a man of con- 
siderable sb^uj^, who proceeds by placing a lump weighing 
&om fifty to s&ty pounds upon a convenient slab or wnch. 
The mass is then cut through with a thin brass wire, one end 
of which is held in either hand, while the part between is 
forced through the clay, which separates as easily as if it were 
cut with a knife ; then taking up with both hands the j>iece 
thas separated, and exerting his utmost strength, he hurls it on 
the rest of the mass ; and this operation is repeated mitil the 
whole lump exhibits a perfectly smooth and close appearance 
wherever it is cut 3o complete is the incorporation of the 
whole mass \fy this means, that if, at the commencement of the 
process, two pieces of clav of different colors are taken, the 
lump, at its completion, will be of one uniform hue, intermedin 
ate to the two original colors. This laborious operation is one 
of the very first necessity, in order completely to expel every 
air-bubble, however minute, remaining m the clay, and which 
could not be so thoroughly driven out by its previous beating in 
the larger mass when taken irom the slip-kiln. If the air 
were not thus thorouffhly expelled, it would become so much 
rariSed and expanded m the oven, that it would force out a 
passage lor itself and by blistering, spoil or much ixqure the 



Some of the more considerable among the potters, who em- 
ploy steam power for blunging the clay and grinding the flints, 
peiform this operation of slapping by the same agency, saving 
teeby both time and labor. In this case the expulsion of the 
air is effected by mechanical pressure, and the office is per- 
formed with perhaps as much efficiency as by hand. 

Having undergone all these preparation)^ the clay is now fit 
for being shaped upon the wheel or fashioned by the aid of 
moulds into all tiie diversified forms which fency may desire. 
Tbis branch of the art is divided into three different departs 
ments — ^throwing, presdng, and casting — either of which is 
^Jsed according to the form of the article manufiictured. 

The manimcturers of porcelain in Prance do not use so 
ffluch secrecy as is preserved in our own potteries, with re- 
spect either to the materials whereof their vtrare is compound- 
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ed, or to the proportioiis wherein these are employed. The 
clay which fonns five parts in six (^ the whole mass, is the 
porcelain earth already mentimed as heing identical with the 
kao-lin of China; to this are added in certain {nroportions flint 
and gypsum (plaster of Paris), hoth calcined and ground; and 
firagments of broken porcelain, which must be white, also 
ground to a fine powder. One rule for forming this composi- 
tion assigns nine parts each of fiint and broken porcelain, and 
four parts of calcined gypsum, to each one hundred parts of 
porcelain clay. Another authority recommends five parts of 
sypsum and only eight parts oi ground porcelain; wnile the 
flint and clay are vubqA in the same proportions as in the first 
rule. If at any time the manufiu^tory should not afibrd broken 
porcelain fi>r uie purpose, it is recommended that pieces be 
compounded, about a quarter of an inch thick, of the other 
three ingredients, wherein the proportions of gypsym and flint 
are augment^ ; and these pieces, having been previously con- 
verted into porcelain by baking, are to be ground and mixed in 
the above-mentioned proportions with the other ingredients. 

It has of late years been the practice of some English manu- 
fiusturers to use a considerable proportion of calcinS bones, to- 
gether with a small quantity of gypsum, in combination with 
china-clay, flint, Cornish stone Sod enamd. By this meuis 
porcelam of a brilliant and very transparent white is produced, 
which, however, is deficient in density, and very liable to crock 
on the application of hot liquids. 

Seveial among the chemists and scientific manufiusturers of 
porcekin in France have given recipes for the composition of 
tender porcelain, although this description of ware is no longer 
made in that country. 

This kind of porcelain will support, without softenmg, a 
greater degree oi heat than suffices to melt gkssL It is semi- 
transparent, has a vitreous firacture, and returns a clear sound 
when struck by a hard body. It is harder but not so brittle as 
glass, and bears, without injury, sudden and very considerable 
alterations of temperature. 

M. Brongniart recommends a mixture of one part of pure 
white clay, with three parts of a firit compounded of nitre, 
soda, alum and selenite (sparry gypsum), together with a large 
proportion of ferruginous sand and a litde common salt The 
ingredients of this fi'it are to be calcined together, and the 
whole intimately kneaded ; when cold, the compound is to be 
reduced to powder, and in that state mixed with the day. 

This paste is not so cohesive or viscous as that which fanoa 
hard porcelain, and greater carefiilness is, therefore, called for 
in fiishioning vessels with iU Lime and selenite, or any similar 
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earths which, if fused by themselves, produce a transparent 
and colorless glass, may answer the same purpose as the frit 
just mentioned. In making choice, however, of the compound 
to be thus used, it must be borne in mind, that the paste must 
not be more stubborn in resisting fire than the Beggars^ or 
vessels wherein it is inclosed during the baking, and no greater 
proportion of any substance that promotes fusion must he used 
tbim can be supported by the clay without having its cohesive- 
ness greatly diminished. 

The porcelain earth used in Berlin is compounded with sDi- 
cious sand and sulj^te of lime in crystals. The constituents 
of their flux are varied in the proportions according to the 
quality of the ware it is intended to produce. In the neater 
part of the German manu&ctories felspar is used, and some 
employ a calcareous sand. 

When tender porcelain was made in the works at Sevres, a 
small portion of arsenic entered into its composition. This was 
found very hurtful to the workmen. Few of the turners or 
QKHilders, after following their employment for some years, es- 
caped severe pulmonaiy complaints; and to this disadvantage is 
ascribed the order of the French government under which this 
^^ch of the manufacture has been discontinued in that estab- 
lishment 

Individual manufacturers of porcelain in France avoid all the 
labor of preparing their materials, and purchase these in a 
state of readmess frcRU estaSlishments at Limqe^es where the 
best porcelain earth is found. The price of me ccnnpound, 
when delivered in Paris, or at an equal distance from the place 
of preparation, does not exceed thre6 sous — about one penny 
halfpenny of our money — ^per pound. 

This arrangement must considerably simplify the operations 
of the manu&cturers, and lessens the amount of capital which 
|bey must employ in the establishment of their works; but it 
^ doubtful whether the accompanying disadvantages are not 
mlly equivalent to these benefita There are many reasons to 
render such a plan ineligible in this country. 
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■llin(.— QDKlifiulloDg requiiile for ■ HadcUer.— IncieiBini ?kiU of An- 
UU.— Foslend tv Mr. Wedfwood.— Mould. Maker.— Helhoif of Ui WoA- 

Tbe operetioD of throwing consistB in ehaping such vesseb 
ss have a, circnlar fiirm, and la perlbrmed upon b macbine call- 
ed a poUer'a lathe. 

Thia consuls nf an upright ehafl, about the heig^ht of a com- 
mon table, on the top m which ia fixed a circular piece of wood, 
whose br^idth is sufficient to support the widest vessel that ia 
to be made. The bottom of the diaft runs in a step, and the 
u{q)er put in a socket a little below the circnlar boud, bo that 
Fig. 1. 



^ shaft and bcvd tum together. Tbe shaft has a pollej fixed 
upon it by means of which it la turned, an endless Isnd paasinff 
round the pulley trom a wheel placed at a abort distance, and 
which ia t^ times the diameter of the pulley ; th'a wheel when 
turned by a handle sets the lathe in motion. 

The clay to be thrown is first cut and weighed and Ermed 
into ■ boll. It is then placed on the fiice of the circular board, 
which being put in m<^ion, the thrtneer, dipping his handa fixin 
tim3 to time mto water, or slip, that the clay may not adbere to 
them, loshions it first into a long thin column, which he forces 
again down into a lump, and continues these operations until as- 
sured that no air-bubbles can poeeibly remain m tbe body of the 
clay. He then directs that the speed of the wheel shall be mode- 
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rated, and proceeds to give the first jform to the veaaeL This 
is done either hy his filers al(Hie, or with the aid of an instru- 
ment shtiped according to the desired form. The instruments 
employed for this purpose are called profiles or ribs. By the 
assistance of one of these, the inside is smoothed and made to 
assume the requisite shape, and any inequalities, technically 
called slurry^ are removed. When it is wished to make any 
number of vessels exactly similar to each other in shape and 
dimensions, certain p^ are fixed as a gauge without Uie cir- 
cumference of the reviving board, but placed in such a man- 
ner, that whenever the pl^rtic clay is brought to coincide at 
the requisite points with the gauge, the thmwer knows that 
the article has attained the proper dimensions. 

In this manner most circula]>shaped vessels are formed. 
When finished to the artist's satisfiiction, he proceeds to re- 
move his work, cutting it from the lathe by passing a thin brass 
wire through the lowest part of the cla^. The vessel is then 
lifted off and placed on a board or shelf; where it is left to diry 
partially before it is fisrther smoothed and shaped in the tunp- 
ing4athe. 

When the vessel is so fiur dried* as to be in that particular 
state of hardness well known to the workmen, and which is 
called the green state^ it is in the most fiivorable circumstances 
for the perfcHrmance of the remaining operations of tuAiing and 
smoothing, for being furnished with handles, spouts, and such 
appendages as cannot be affixed in its first formation. 

For auJong circular dishes, plates, saucers, or shallow bowls, 
and other vessels of that class, a plaster mould is used. This 
is slightly sprinkled with powdered porcelain, sifled through a 
fine cloth, and placed on the bleck which surmounts the upright 
spindle of the lathe. The block being then set in motion, the 
clay is feahioned in the first place by the hand of the workman, 
^hich presses it against the mould, and afterwards with a pro- 
file to give the requisite intemlal form. If any ledge or foot is 
Tequir^ it is affixed afterwards with slip, m Uie manner here- 
after described as employed for joining handles and spout& All 
superfloous parts are cut away, and the whole is finished by 
means of a horn tool and a damp sponge. When sufficiently 
^ to be taken fix)m the moulds, the ^ges are pared with a 
^arp knife, and tiie pieces are slightly polished by the hand. 
After this, Ihey are placed in piles of four, six, ten, or more, ac- 
cording to their weight and solidity, and are left to harden, 
preparatory to their being put in the oven. 

The tuming4athe of &e potter is similar to that used by the 
Earner in wood The end of the spindle has a screw thread, 
upon which are screwed chucks of wood, tapered in their form, 
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and differing in their diameters according to the size of the ar- 
ticle to be turned* The tools emftloyed -are of different sizes, 
from a quarter of an inch to two inches broad, and six inches 
long : they are made of iron, the cutting end being turned up 
about a quarter of an inch, and ground to a good edge. 

The vessel to be turned being fixed upcm the chuck, aiid mo- 
tion communicated to tiie lathe, the turner proceeds to reduce 
the substance of the clay in such parts as are required, to form 
rings and rims upon the vessel, and generally to attend to those 
little niceties of shape which are not easily attainable on the 
throwing-lathe. When this is completed, a contrary nioticMi is 
given to the s)pindle, the turner applies the flat part of his tool 
to the vessel, and using a gentle pressure, produces the requi- 
site smoothness of surface and solidity of texture. 

In those considerable establishments which are famished 
with a steam-engine, the throwing aiid turning lathes are both 
actuated by it To the first of uese machines motion is then 
given by means of two upright cones, placed opposite to each 
other ; the apex of the one answering to the base of the other. 
One of these cones receiv^ motion directly from the engine, 
and communicates it by means of a leather strap to the cSher. 
By this arran^fement the horizontal strap has always an equal 
tension to whichever parts of the cones it is applied, the en- 
largement of the one answering to the diminishing diameter of 
the other ; but the speed given to the lathe will depend upon 
the position on the driving cone which the strap occupies: if 
this IS at the small part, the driven cone, and consequently the 
revolving-board of the lathe, will travel more slowly, wad its 
revolutions will, on the other hand, be accelerated in proportion 
as tJie strap is made to occupy the larger part of the driving 
cone. When the strap takes its position on the largest part (h 
this, it will apply to the smallest part of the driven cone, and 
the speed of the lathe will be at its maximum. The position of 
the strap upon the cone is regulated at pleasure b;^ a winch, a 
boy in attendance upon which follows the directions of the 
thrower. When the article is finished, the strap is thrown <^ 
the driving cone, and the motion of the lathe of^ course ceasea 

The tummg lathes, when actuated by the steam-engine, are 
arranged in a row, the whole len^ of the room, thcoogfa 
which runs a horizontal shafl, and thiis has fixed upon it, oppo- 
site to each lathe, a drum, straps on which connect the shaft 
with the lathes. The speed d the lathes is regulated by pro- 
viding pulleys of difierent sizes, upon any one of which the 
strap may be guided by the turner during the revolutions of the 
spindle. When the turning of the vessel is finished, the strap 
is transferred to another pulley connected by a crossed strap 
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with die spindle, whicli by that means has a reversed motion 
communicated to it, and the article under operation is smooth- 
ed and polished in ^e manner already described. 

A milled edge is given to earthenware in what is called an 
engine lathe, where, in addition to the rotary motion communi- 
cated to the article, it has likewise a horizontal movement to 
and fro, enabling the workman to make the requisite incisions 
at proper and definite intervals. 

When the vessels are taken from the turning-lathe, they are 
delivered to the handler, who fixes upon them handles, spouts, 
and other apjiendages of that nature. These are affixed to the 
vessels by means of slip, with which the parts brought into con- 
tact are moistened. Being then left for a short time to dry, the 
junction is found to be perfect ; and with a knife the superflu- 
ous clay is removed from about it : the whole vessel is next 
cleaned with a damp sponge, which moistens the whole equally, 
and gives uniformity to its appearance. 

Handles, spouts, and objects of that nature are made with, the 
aid of a press, consistingof a small metallic cylinder, which has 
an aperture in the centre of its bottom, to which plugs with dif- 
forently shaped orifices are fitted. It has also a piston, actuated 
by a 8crew, which works through an iron bow attached to oppo- 
site sides of the cylinder. The aperture in the bottom being 
furnished with a plug of the desired form, and the cylinder 
charged with clay, the piston is inserted, and by the turning of 
the screw is forced down upon the clay, causing it to protnide 
through the aperture in the proper shape. This being cut into 
lengths, and bent into the required form, is, when sufficiently 
dry, nf&xed. to the vessel as already mentioned. If the clay is 
required to take a hollow cylindrical form, as it must for spouts, 
a pin of the same diameter as it is wished to give the tube is 
fixed above the centre of the plug. It is obvious that some or- 
namented spouts cannot be made by this means. For forming 
such, two moulds of plaster must be prepared in the manner 
hereafter described, one half of the figure being unpressed in 
each of the moulds, which must fit together accurately. Clay 
is then forced into each mould, and the superfluous quantity 
being cut away, leaving still a anall portion above the level of 
the moulds, the two are brought firmljr together to unite the 
two halves of the article. The mould is then divided, the clay 
is removed, and finished as to its form with suitable tools by the 
workman. This is the operation known under the name of 
pressirtg-. The moulds for the purpose are made with plaster 
of Paris, (gypsum, or the native sulphate of lime,) the peculiar 
fitness of wnich material for the purposes, arises nom its prop- 
erty of absorbing water with very great rapidity, so that the 
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ware indosed witkin i€ speedily dries in a sufficient degree to 
deliver itself (according to the workman's phrase) eUsuy firom 
the mould. 

Small ornaments, such as figures, animals, foliage, Imd the 
like, are more conveniently made by pressing the clay in plas- 
ter moulds, or otherwise th^ are made of copper, which must 
previously be slightly smeared with oil, in oMer to insure the 
easy delivery of the ornaments. These are then affixed to the 
vessel by means of slip, according to the method already de- 
scribed. It is in this manner that drinking jugs are so com- 
monly ornamented with figures in relief. 

In order to prepare the plaster for making moulds, it is first 
ground between a pair of stones, in a mill exactly similar to that 
employed for grinding wheat ; it is next boiled in order to drive 
ofiT the water which forms a considerable con^tuent part of its 
natural substance. There is an appearance of absurdity in thus 
speaking of boiling a dry earthy substance f but the workmen 
who use the term, are not very far wrong in their expression. 
To all appearance, ebullition goes rapidly on in this operation, 
and there is a disengagement of steam as in tiie boiling of wateiv 
fluids: When this procc^ is completed, tiie substence is al- 
ways called boiled plaster. The evaporation is conducted in 
long brick troughs, having a fire flue running under their en- 
tire length, in a manner similar to the slip-kiln. The man who 
supermtends the process, is obliged to wear a handkerchief over 
his mouth and nostrils, to prevent the passage of any particles 
of the gypsum to his lungs, or stomach, such a circumstance 
having been fouiid very prejudicial to health. 

The plaster when thus deprived of its water becomes a soft 
impalpable powder, but when its natural proportion of water is 
again added, so strong is its affinity for that liquid, and such its 
capacity for a^in c(Hnbining with itself that portion of which it 
has been deprived, that it attracts and condenses the whole, and 
will immediately set into a hard and very compact mass, pecu- 
liarly suitable for the purpose here required. 

The consumption of plaster of Paris, in making moulds for 
plates and dishes is so considerable, that in the district compre^ 
bending the Potteries, in Stafibrdshire, many tons are annually 
worn out and thrown away as useless. 

Articles placed in these moulds part with moisture so rapidly, 
that when put in a very temperate stove, they will become dry 
enough for removal in two hours, and each individual mould is 
capable of being used for forming four or five diflerent,articles 
in the course of a working day of twelve hours. The stove 
wherein these moulds, with their contents, are placed to dry, is 
a small room built with bricks, iand having wooden shelves 
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ranged round it, and over one another from the floor nearly to 
the ceiling; it is heated by warm air c(»iducted through it in 
an iron pipe. 

Moulds for producing simple wares, such as plates and dishes^ 
and generally for such objects as are formed by pressing, are 
simple in their construction ; but others, which are used for die 
third department, that of casting, call for much more art and 
skill lor their invention and execution.- For these, the taste of 
the modeller is put in requisition, calling for the exertion on his 
port, of a high degree of skill and ingenuity in forming patterns, 
and adapting to them appropriate ornaments. To be a perfect 
mod^er, in the higher branches of the art, a man should have 
an acquaintance with the best productions of the classic climes 
of Greece and Rome; he should be master of a competent 
knowledge of the art of design ; his fancy glowing with ori- 
ginality, tempered and guided by elegance and propriety of 
feeling, and restramed by correctness of taste and judgment 
To a man tibus gifted, the plastic and well-tempered material 
wherewith he works offers little of difficulty in the executicm 
of his conceptions. 

In the most considerable works, and where' the proprieton 
are ambitious of excelling, modellers are. kept in constant em- . 
ployment Other manuracturers content themselves with buy- 
ing new moulds from artists who compose them on speculation, 
•M who are sometimes so little scrupulous as to dispose of the 
same pattern to several different purchasers. 

For want of due encouragement, high degrees of excellence 
in this art were formerly not of frequent occtirrence. Mr. 
Wedgwood, to whom the porcelain manuiacture of England 
owes 80 many and such various bene^ts, proved that talent in 
this branch of art needed only for its development to be fostered 
and encouraged with liberality. This patriotic individual paid 
the sum of four hundred pounds to Mr. Webber for modelling 
the Portland or Barberini vase, although the work called for no 
original or inventive powers. Since that time, fjnglish model- 
lers have attained to such a degree of excellence, that it is 6aid 
any good modeller, with one qualified assistant, would be able 
to achiex'e, in the short space of two weeks, the task which oc- 
cupied Mr. Webber for many months, and which was viewed, 
at the time, as an honorable proof of both his talent and m- 
dustry. 

The model, when moulded by the hand, must be trimmed, 
carved, touched, and retouched with suitable tools, constructed 
of metal or wood, and sometimes even of ivory, for the more 
perfect finishing of the whole composition. 

When thus completed, the model passes into the hands of the 
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mouldnnaker, whose odcupaticm is quite mechanical and distiiM;! 
from that of ^e modeller. A strong casting of clay is first 
formed and securely fixed round the model, leaving oifficient 
space between for the substance of the mould. Proper propor- 
tions of plaster of Paris and water are then placed iu' a jug, and 
the mixture is briskly stirred, so that the water may thoroughly 
pervade the whole, which is then poured gently upon and 
around the model, covering it in every part to the requisite de- 
gree of thickness. Upon this some heat is sensibly given out 
by the plaster, and the whole is very shortly converted into a 
hard compact mass, easily separable from the model, and found 
to exhibit a perfect impression of its form, and the minutest 
niceties of its omamenta The mould is, after this, placed in a 
stove to be thoroughly dried, and is then fit for use. 

Many articles were formerly made by casting, which are 
now produced by the operation of pressing last described. 
Casting is now employed only for the formation of irregular- 
shaped vessels, where much nicety is required, and which need 
not have much strength. The casting operation is performed 
by intimately mixing the united clay and flint with very pure 
water to the consistence of cream. On poiuring this dilution 
into the mould, the plaster quickly absorbs water fi:om that por- 
tion which lies in contact with its sur&ce, haiidening it to such 
a degree, that on the central and still fluid part being poured o^ 
a coating of clay will remain attached to the mould. This 
coating having been allowed further to dry during a sknrt tune, 
a second charge of diluted clay, but the consistence of which is 
much greater than the creamy fluid first used, is poured in, and 
adds to the substance of the first deposit Having remained in 
tlie mould sufficiently long for this purpose, the remainder of 
the semi-fluid is poured iS, and the mould, with its contents, is 
set in a stove : when sufficiently dry to allow of sepaiatioD, the 
article is taken from the mould, and left until it is brought to 
the green state, when all imperfections are rectified l^ the 
workman, whose skill is exerted to render the vessel as smooth 
and as perfect as possible. 

It is essential to the excellence of all kinds of earthenware, 
that the means used for drying it previous to the baking should 
produce an uniform evaporation throughout its entire substance; 
If too much heat were artificially employed, the surfoce miffht 
be hardened, while the internal part remained moist ; and uiis 
would be attended with disastrous consequences in the oven, 
owing to the unequal contraction that would then ensue. It is, for 
. this reason, necessary to allow time for the gradual dispersion 
of moisture, which, however, may be advantageously expedited. 
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hj placing the pieces upon plastev shelves, i/diose ahsorheiit 
property would occasion the requisite drying in a shorter time, 
and with increased regularity and uniformity. 



CHAP. V. 

ON THE FBOCS80E8 OF FIBINO AND OXJkZDIO. 

Sefj^ra. — Proper Materials for these wanting in England. — Not so in 
France. — Nungarrow Work.— Wby discontinued.— Great Estimation of 
its Wares. — Cause of Superiority.— Use of Seggars.— Tbeir Forma.— Mode 
of usinr tbem. — Sevres Manufactory.— Improved Furnace. — Its advan- 
tages.— Description.— Chinese Method of Firing.— Construction of their 
Kilns. — Care required in Baking.— Duration of Proee.ss.— Oven-Man. — 
Trial Pieces. — Annealing. — Biscuit. — Wine Copiers.— ^Grlazing. — Compo- 
sition of Raw Glazes.- Bad effects of some of ttieae to the FuUic— To the>- 
Workmen. — ^Pernicious use of Ardent Spirits.— Glazes Invented by M. 
Cbaptal. — By Mr. Rose.— Porcelain Glazes. — F^ncb Glaies.- Paliasy. — 
His Experiments on Enamelling.— His Perseverance and Sufierincs. — His 
Success, and continued Firmness under Persecution. — Inferior CHazes.— 
Low-priced Wares.— Gloss-Oven. — Regulation of Temperature.— finalities 
that determine the Excellence of Porcelain. — Stone-Ware. — Its Compo- 
Jiition.— Lambeth Potteries.— Modes of Glazing. 

In the state whereto the vessels are now brought, they are 
ready to undergo the first application of fire in the t>ven. Fcnt 
this purpose they are placed in deep boxes called seggars^ 
«nade of a mixture of fire clay and. old ground seggars, which 
-should be well baked, and capable of sustainingtM niost in- 
tense degree of heat without being fused. The porcelain 
manufactures of this country labor uiuer a considerable disad- 
vantage in this respect, being unable to procure materials for 
therc(»istruction of these cases that will sufficiently withstand 
the direct heat of the furnace. This difficulty does not occur 
in France, a &ct which is assigned by our potters as one prin- 
cipal reason for the better quality of French porcelain. 

A porcelain manu&ctory was carried oa some years ^since 
at Nungarrow in Wales, but which is now discontinued. ^ The 
wares produced in these works were perhaps superior in quality 
to any porcelain that hitherto has been made in any other pwrt 
of this country. No expense was spared either in the procure- 
ment of materials, or in conducting the various processes ; and 
the want of success on the part of the spirited proprietors is 
refcrrlble solely to the deficiency of public patronage, it being 
found impossible to procure a price for the goods which could 
adequately meet the cost of their manufiicture. Since the di»- 
continuance of this establishment, the excellent quality of its 
wares has been more justly estimated, and the prices which 
are now eagerly given by amateurs and collectors for pieces 
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of IdmgalhRyw porcelain, are out of all proportkni greater tium 
were originally deIaan4^d hy the makers. 

The material^ of which this porcelain is composed are of the 
most refractory quality, and it is understood that success in 
thei» Convermi was only attained through the expensive 
measure of sactificing the seggars employed, which, owing to 
the high degree of heat whereto they were exposed, could 
never be placed a second time in the furnace. 

TTie office of the seggars is to protect the wares while bemg 
baked from the direct application of flame and firom smoke ; 
the heat is somewhat modified in its transmission throu£[h 
them, and applies itself uniformly to each part of the vessels. 
The cases are made of various shapes, sizes, and depths, to suit 
the different pieces they are to contain, and some judgment is 
required 'in their composition, to fit them for the several kinds 
of pottery. • 

To prevent any adhesion of the pieces to the seggars, the 
flat bottom of each is covered with a thin layer of &ie white 
sand. That this even may not adhere to the porcelain, the 
Chinese strew over the sand some dry kao-lin in powder. 
Pieces of any considerable size must each be mclosed in a sep- 
arate ease, but smaller objects, such as cups or saucers, may be 
placed together to the number of six or twelve, but in no case 
must one piece be placed in or on another in the seggar, and 
all must be so arranged that the heat will be equally applied to 
every part of each. 

In some instances seggars are made having triangular boles 
in their sides, for the purpose of admitting prisms of the suae 
form, which are inserted therein, horizontally, in order to sup- 
port a greater number of pieces in a state of isolation within 
each case than could be accomplished by other means. The 
prisms thus use4 must be compounded of the same materials as 
the cases themselves. This course is not pursued except with 
common articles, and is adopted with the intention of economis- 
inor the time, space, and fuel employed for baking them. 

If the clay whereof they are composed be wdl chosen and 
carefully managed, the seggars may be placed from fifteen to 
twenty several times in the furnace before they are rendered 
useless. 

Some art is required so to dispose the cases within the oven, 
with reference to their shape, size, and the objects they coor 
tain, that the heat shall be distributed as faithfully as possible, 
and that the sufficient baking of all the diflferent-sized vessels 
shall be accomplished during the same time. The largest and 
coarsest pieces are usually placed on the floor of the oven, 
which must be previously covered with a layer of sand, if the 
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iieat "be not faithfall;^ distribute fiiroagb tbe i^le 
8OD16 pieces would be injured by exceaai^e firings while othets 
would be inadequately baked. The botUane of the <eggara 
being fiat, each, as it is placed upon another, fonn^ a cover to 
that beneath, and the entrance of smoke is futtiier prevented 
by placing a ring of soft clay on the upper rim of each ease. 
In this manner the seggars are built one upon another, until 
they reach nearly to die top of the oven : the upper seggar in 
each pile is always empty. Each of these piles, as it stands, iff 
called a burig ; m buildmg them up, intermediate spaceg of 
about three inches must be left ibr the circulation of heatM air 
throughout 

Although the privileges so Icmg enjoyed by the royal manu- 
factory at Sevres, and which were accompanied by correspond- 
ing restrictions placed by the French government upon private 
establishments, must have been upon tiie whole prejudicial to 
the progress of the art in France, these regulations had yet in 
some respects a contrary tendency. Being secured in a great 
degree from the effects t>f competi1;ion msA without, the di- 
rectors of the royal works were enabled to prosecute experi- 
ments with regard to improvements in their utensils and i»o- 
cesses, from the adoption of which they might othenvise luLve 
been deterred by considerations of expense. Suggestions ap- 
pear to have been continually made, having such improve- 
ments for their object, by men who enjoyed me highest scien- 
tific reputations ; and the success of plans thus proposed, con- 
duced to the increasing celebrity of the establishment 

Among others* MHaTde Montigny and Macquer contrived a 
form of Aimace, which effected at the time of its adoption a 
very great advantage. In that previously used (and the con- 
struction of which had been copied from those employed in 
Saxony,) the heat v^ras so unequally distributed, that it was 
necessary to vary the composition of the potcelam so as to ren- 
der it suitable to different parts of the funiace. The improve- 
ment here noticed occasioned the sufficient equalization of heat 
throughout its area, and a great inconvenience was at once and 
completelf remedied. 

The arrangement whereby this important change was ac- 
complished will be understood by a reference to the following 
iicrures, which describe the elevation, section, and plan of the 
kiln. The same letters are employed to denote sunilar parts 
in the different figures. 

A is the interior area' of the kiln. This is fourteen feet 
eight inches high, and eiffht fe6t three inches in diameter: 
the walls should be three feet thick. BBBB are four air-flues 
placed at equal distances in the circumference. CCCC are 
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hmrtha one fint below die bus of the kiln: the beat from 

these paaees towanla its centre. DDDD are openings, eigh- 
teen inches square, for the reception d* the RtcL Tbeae ope» I 



ings aie provided with mouUi pieces of plate iron. I! iii 
dcwr-wajr m the nde cfthe kihi : its sill is Uiree feet ahore the 



ffround ; its width is two feet, and its height five feet aii 
mchea. This door is used for the introduction of tbe Beggin 
within the kiloi after which it must be aecurel; walled up. f 
is a gquare hole, of which there are three in the entire ci^ 
curaference. These are designed for the introduction ^ Iriil 
pieces within the kiln : another similar opening ia left wboi 
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walli]^ up the door-way E. The whole of these are provided 
with clay stoppers which exactly fill the holes, and which have 
projections whereby they can be removed or replaced at plea- 
sure. G is the chimney in the centre of the dome-shaped roof; 
it is of a conicfd fi>rm, eighteen inches diameter at the base, less- 
eniug to twelve inches at the top. HH represent four air- 




holes, placed over the openings F. These air-holes serve to 
divide the draught, and cionsequently to equalize the tempera- 
ture of the kiln. I is a round iron plate, supported on four 
pillars of the same metal, and placed over th^ chimney to de- 
fend the opening. 

When the firing has been sufficiently performed, no more 
fuel is added, and so soon as the smoke from that already iipon 
the hearths has passed away, the mouth pieces are entirely 
closed to prevent the passage of air. Shortly after this, the 
chimney 6 and the air-holes H are also carenilly closed, and 
the kiln is left, that the cooling of its contents may go forward 
as slowly as possible. 

Previously to the adoption of this improvement, the kiln em- 
ployed for baking porcelain was always made of a rectangular 
form, having only one fire-place and one air-flue, which stood 
at the side opposite to that whereon the chimney was placed : 
an arrangement which rendered quite inevitable the before- 
mentioned inconvenience, arising from the unequal distribution 
of heat 
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The exi/fsmaa of the art, and the consequent ccmipetition 
«m<xig the manu&cturers in France since the return of peace, 
have compelled tiiem to use the utmost economy in their vari- 
ous processes ; so that, while the quality of their goods has heen 
fully sustained, the prices have been importantly lowered. 
These savings have been partly realized through the increased 
skill of the workmen, but are mcare referrible to the smaller 
proportionate quantity of fuel consumed, which has arisen, not* 
nom any further improvement in the fi>rm of their kilns, bat 
through a better arrangement in filling them, whereby they are 
now made to contain, at each baking, nearly one third more of 
pieces than was fi)rmerly customary. 

The potter's oven is now always made of a cylindrical ferm, 
and very similar to the common kilns used for burning tiles, 
with the external appearance of which every one is familiarly 
acquainted. The furnace moutlis of the oven are placed at cer- 
tain intervals around it; from these the fire and heated air pass 
into horizontal flues in the floor, and thence ascend through all 
(he interstitial spaces between the bungs, until the surplus heat 
escapes through an aperture in the centre of the roof. 

The Chinese subject the ^^reatest part of their porcelain to 
only one firing, dr3ring the pieces sufficiently in the air to pre- 
pare them for glazing. This plan they are able to pursue, be- 
cause the nature of their materials, is such as to resist the en- 
trance of water. Their glaze, the composition of which will 
be hereinafter described, is much superior to any used in Euro- 
pean potteries, but requires the most intense degree of heat for 
Its fusion, and considerable art is consequently required for the 
management of the fire, as well as in the construction of their 
ovens. These are built in a most substantial manner, so that 
when the fire is at its greatest height, the hand may be applied 
to the outside without any fear of burning. The draft is pro- 
moted by placing the oven at the extreme end of a long narrow 
passage, which acts as a funnel in supplying air for supporting 
combustion, the intensity of which is regulated by four or more 
side apertures, or registers, which are opened or shut according^ 
, as the heat is required to be augmented or moderated. The 
hearth is placed in front, and occupies the whole breadth of the 
oven. The pieces which are placed in seggars, are artfully 
disposed in tlie oven, in the manner already' described as follow- 
ed in England. When the fire is lighted, the furnace door is 
walled up, leaving only an aperture krge enough for the intro- 
duction of fuel. The heat is raised jrnidual^ durinff about 
thirty hours, after which time fuel is'mcessantly sup^ied by 
two men, who relieve each other at intervida The wood used 
ibr this purpose is very carefully dried and cut into slender bil- 
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lets about one foot in length, that their combustion may be ef^ 
fected with greater rapidity. 

Great attention is necessary for properly conducting the op- 
eration of baking. Vauquelin observes that the heat must be 
sufficient to expel all the moisture, and occasion the cohesion 
of the parts whereof the paste is composed ; but that, if carried 
too&r, the texture of the ware becomes too homogeneal, and it 
is rendered brittle. It requires a degree of heat sufficient to 
melt silver (4717^ Fahrenheit^ in order to expel the last portion 
of water from clay : when this has been enected, it is found 
that the weight of alumina is diminished forty-six per cent 

The process of baking usually lasts from forty-eight to jSfly 
hours, during which time the heat is gradually increased ; as it 
would be injurious to apply a very high degree at first In order 
to ascertain when the baking has been carried far enough, the 
weji-man places trial pieces in different parts of the oven, but 
80 disposed that they can readily be taken out for examination. 
These pieces are rings made of common Staffordshire fire clay, 
which is found to have the property of changing its color with 
each accession of temperature. By comparing these rings, 
therefore, with pieces of the same clay which have previously 
been sufficiently baked, and which serve as a standard, the ac- 
tual progress of the wares in the oven may at any time be ascer- 
tained precisely, and with less trouble than attends the use of 
Wedgwood's pyrometer. When the appearance of these trial 
pieces is jud£^ satisfactory, the firing is discontinued, the fur- 
nace and a£-pit doors are closed, imd the oven, vnth its con- 
tents, left to cool gradually during twenty-four or thirty hours. 
It is not necessary to delay the withdrawing of the pieces from 
the oven, until they have become quite cold ; but the sudden 
alteration of temperature would occasion them to crack, if they 
were taken out while their heat was greatly above that of the 
atmosphere. 

Some potters are occasionally tempted, when the furnace 
contains articles of small value, to risk the damage here men- 
tioned, and to withdraw the seggars with their contents with- 
out delay, their object being to profit by the heat of the furnace 
either for introducing a new charge, or for drying a firesh set of 
seggars. No one, however, would be so improvident as to ex- 
pose the finer descriptions of porcelain to this hazard, in order 
to gain any such immaterial advantage. 

From the similarity of its appearance to well-bak^ ship 
bread, the ware is now called biscuit. Its permeability to 
water when in this state fits it for being employed in cooling 
liquids. If previously soaked in water, the gradual evaporation 
from its surfiice by means of the air, causes an absorption of 

F 
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heat fiom the sanoondiDg atmoephere, which is again supplied 
fay neighboring objects, until an equilibrium of temperature is 
restor^ 

The proprietors of potteries are accustomed to furnish vases, 
oms, and other nieces of ornamental shapes, in the state of bis- 
cuit, to ladies who exercise their taste and ingenuity in embel- 
lisfaing them by painting and gilding. Bein^ then returned to 
the manuftcturer, the glaze is applira, the biudng is finidied in 
the gloss oven, and the gildiug is burnished by means that will 
be described hereafter. 

If it were attempted to apply the ^kze to articles of porcelain 
and earthenware, without their previous conversion into biscuit, 
their texture and shape woidd be iniured by the absorpUcm of 
water ficnn the glaze. Neither would it, for the same reason, 
be possiUe to ornament the ware by painting, or to transfer pat- 
terns to tibeir sur&ce by printing. There is another reason 
given fer the necessity of this previous baking, in the greater 
contractibili^ of tiie clay than of the glaze, which would ciack 
or peel off if the limit of contraction had not been previously 
attained. It will be remembered that the shrinking of day 
upon the application of heat is permanent, and that no altera- 
tion of its bulk will occur, unless it be subjected to a still higher 
degree of temperature. By limitinj^, therefore, the heat of the 
gloss oven in which the baking is finished, below that applied 
to the biscuit, the evil of craclong the glaze, through the con- 
traction of the ware, is avoided. 

The glaze usuallv employed for common kinds of earthen- 
ware is compounded of Utfaarge of lead and ground flints, in 
the nroportion often parts by weight of the former to four parts 
of the latter. Cornish granite is sometimes substituted for 
flint, and used in the proportion of eight parts to ten of litharge. 
This method of glazing is objectionable, on account of the hijury 
which, notwithstanding every precaution that can be taken, it 
occasions, in its application, to the health of the workmen em- 
ployed, who fire^uentiy are seized with paralysis; and because 
the lead, which is soluble by means €£ acids, and highly pois- 
Qnou£^ renders vessels thus glazed improper for preparing or 
containing many articles of human foocL 

The \m efl^t of raw glazes upon their health, is greatly 
lessened to the workmen when tiiey can be brought to Ute fre- 
quent use of ablutions. In every pottery the men employed in 
glazing should be, and in most establishments they are, plenti- 
mlly supplied with soap, which they are enjoined to use on 
every occasion of quitting their work. Unfortunately, however, 
the workmen themselves have become erroneously impressed 
with a belief in the superior efficacy of ardent spirits in ward- 
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mgoSat oounteracting the poisonous effects of lead, and fly to 
the UJ9e of this as a specific, to a degree which too often proves, 
both physically and morally, worse iluin the evil which it is in- 
teitded to prevent 

The mixtures just mentioned are called nw ffkzes; their 
emplojrment is convenient to the potter because oftheir cheap- 
ness and extreme fusibility. Flint, which remains unaffected 
in the focus of the most powerful lens, is, when combined with 
lead, melted and vitrified at a comparatively low heat The 
method of using this glaze is to reduce the ingredients to the 
state of a fine powder, and throw them into as much water as 
will make them of the consistence of thin cream. The mixture 
must be well stirred, that the powders may be always kept uni- 
fi)rmly blended throughout the fluid. The pieces are first nrush- 
ed to free them from dust, and then merely dipped into the liquid 
and withdrawn^ when they must be turned rapidly about in aU 
directions, that the glaze may flow equally over the whole sur- 
&ce. The superfluous liquid having been aUowed to drain cff 
for a few seconds, and the pieces luving been set on a board 
during a few minutes, they are ready fer insertion in the se^fgara 

Chaptal, in his *' Chemistry appked to the Arts," 1^ ffiven a 
process fer finrming white enamel, which answere well fer gla* 
zing the superior kinds of earthenware and tender porcelain. 
Equal parts of lead and tin are kept in fiision until completely 
ondated. The powder thus fermed is ground with water, aU 
impurities are removed by repeated wammgs, and beinff dried 
it is kept for tise. The whitest flints are then chosen, and fiised 
with carbonate of potash, the latter beinff in such proportion to 
the flint, that the mixture will be soluble in water. To the 
solution of flint thus made, muriatic acid must, finom time to 
time, be added, until no further precipitatk>n occura The 
precipitate thus obtained is pure silex, which, bein^ washed and 
dried, is dso fit for use. If then one part of this silex, and one 
part of the metallic oxide, be added to two parts of carbonate of 
potash, and the whole be fiised in a crucible, the mass need only 
he reduced to a fine powder to prepare it fer use in glazing. 

Mr. John Rose, of the porcelain works at Coalport in ^rop- 
shire, speaks in commendation of a glaze fer hard porcelam 
which he has used for some time, and which having been ex- 
amined by oompetent artists, at the request of the Society of 
Arts, has been reported on very fiivorably. Mr. Rose's glaze 
is eompoaed of 27 parts of felsnxir, 18 of borax, 4 of L3mn sand, 
3 of nitre, 3 of soda, and 3 of the China clay of CcMmnrall. This 
mixture is melted together and ground to a fine powder ; 3 parts 
of calcined borax bemg added previously to the grinding. 

Glazes for .porcelain and the finer kinds of eivthenware are 
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generally loade with whiter lead« ground flints, ground flint- 

Slass, and common salt; Lynn sand combined with soda, as a 
uz, being frequently added ta the ingredients just mentioned. 
Almost every manufacturer uses a peculiar glaze, the recipe 
for which is kept secret by bim as much as possible, under the 
idea of its superiority compared with that employed by his 
competitors, so that it is not possible to state proportions with 
accuracy. The French porcelain makers have given the com- 
position of hard glazes made bjr them, which are aJl said to be 
n^med of flint, ground porcelain, and crystals of calcined g3rp- 
sum, in the following different proportions : — 

No. 1. No. 2. Na3. 

Calcined flint 8 parts 17 parts 11 parta 

Ground porcelain 16 16 18 

Crystals of calcined gypsum - t ^ 7 12 

It is necessary to vary the composition of the glaze, in order 
to suit the different materials that form the body of the ware, 
since that would be a very fine glaze for one mixture of earths, 
which would be wholly inappropriate to another, proving defi- 
cient in lustre and being liaUe to crack. Before adopti^ any 
glaze in conjunction with a particular kind of ware, it is most 
prudent to make trial of it upon a small scale, in order to prove 
the suitableness of the bodies to each other. 

This branch of the potter's art is greatly indebted to the ex- 
traordinary perseverance of a single man, Bernard de Palissy, 
a native of France, who was bom in Agen at the close of the 
fifl^enth century. His parents occupying an humble station in 
life, he was enturely indebted to his own unquenchable energy 
and perseverance for the success which crowned his industry. 
The original occupation of Palissy was that of a draughts- 
man, to which pursuit he added land surveying. Accident 
having thrown into his hands an enamelled cup, he was unme- 
diately seized with the desire of improving the art, and thence- 
forward relinquishing all other occupations, gave up his whole 
time, mind, and substance, during several years, to the prosecu- 
tion of experiments on the composition of enameL He has 
himself ^iven a narrative of his labors, sacrifices, and suffer- 
ings, durmg the progress of his pursuit, which is intensely in- 
teresting. 

In this account, Palissy represents himself as alternately 
planning and building, demolishing and rebuilding his fiunace, 
at every step buoyed up by hope, and as often met, but not sub- 
dued, by disappomtment; the object of remonstrance and de- 
rision to his associates, subject to the expostulations of his wife, 
and witness to the silent but more eloquent reproaches of his 
children. In other respects Palissy proved himself an amiable 
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as well as a highly-gifted man ; for, notwithstanding that his 
eSirts were ultimately crowned by success, — that standard 
whereby the judgment of mankind is most easily and therefore 
most usually formed, — one might hesitate to applaud a degree 
of perseverance which, for so long a time, materially interfered 
witii the welfare of his family. Amidst all this scene of de- 
privation and disappointment, Palissy bpre outwardly a cheer- 
M countenance, and, throughout the lengthened trial, confined 
witiiin the dungeon of his own breast tnose feelings of bitter- 
ness which he has so forcibly described as being his portion. 

The extremities to which he was at one time reduced were 
sach, that to provide ftiel for feeding the furnace, his furniture 
and afterwards even some of the woodwork of his dwelling 
was destroyed ; and m order to silence the clamor of his assist- 
ant workman for the payment of wages, he stripped himself 
of a portion of his apparel At lengSi, however, these efforts 
were rewarded by complete success ; and fiime, honors, and in- 
dependence were thenceforward his attendants through a long 
career of useful occupation. 

Palissy's after pursuits were of a more general character, 
embracing the sciences of agriculture, chemistry, and natural 
history, upon which subjects he both wrote and lectured with 
ability and success. 

Nor did the firmneBS of his character forsake him for a mo- 
ment to the end of his life. Being a Protestant, and having 
ventured, in some of his lectures, to promulgate fiicts which 
made a^;ainst the dogmas of the priests, he was, when in his 
niaetie& year, dragged by the infuriate zeal of these fanatics 
to the Bastile, and died, with consistent firmness, withui its 
walls. His heroic reply, while thus iminrisoned, to Henry III. 
is above all praise. *^ My good man," said the king, " if you 
cannot conform yourself on the matter of religion, I diaU be 
compelled to leave you in the luinds of my enemies.*' — " Sire," 
repUed the intrepid old man, *' I was already willing to surren- 
der my life, and could any regret have accompanied the action, 
it must assuredly have vanished upon hearing the great king 
of France say * I am compelled.' This, sire, is a condition to 
which those who force you to act contrary to your own good 
dispoation can never reduce me; because I am prepared for 
death, and because your whole people have not tiie power to 
compel a simple potter to bend his knee before images which 
he has made." 

So great is the competition among potters in the present day, 
that means which are injurious to tiieir real quality are fre- 
quently adopted for rendering their wares less costly. Some 
makers are hence tempted to the employment of materials that 
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wSl enable tbexn, at a moderate jpeice, to fiimiab articles appa- 
rently good, but which will ^leedily pro^e defioctive when 
brought into use. The saving which the monufkctufdir is able 
to effect, through the adoption of an inferter glaze, consists 
not 80 much in 3ie actual coet of its component parts, a@ in the 
sma&er quantify of fuel required for its vitrification, and in the 
shorter period of time demanded for its conversion. 

The earthenwares offered, at low prices, by hawkers and 
pedlars, and at inferior shops, are mostly composed of clay that 
wiU not bear a proper degree of heat in the oven, and are 
covered by a glaze so tender as to craze after a few cleansings 
with hot water. If exposed to a high temperature, or if acids 
be applied, the glaze will be dissolved, and the vessels conse- 
quenlJy rendered useless. The quantity of lead which enters 
into the composition of the better kinds of glazes is so small, 
that the deteriorating and pernicious effects which attend upaa 
the use of raw glaze need not be apprehended from their em- 
pl<mnent 

The seggars used to inclose the wares when baked in the 

floss oven, are similar to those ^employed in the first firing. 
Previous to their insertion, the pieces must have the glaze 
wiped from the parts which immediately rest upon the bottoma 
of the seggars, otherwise they would adhere and might be bro- 
ken in their removal The cases are piled up in the manner 
already described, and just that degree of heat must be em- 
ployed which will give perfect fnsion to the glaze and cause it 
to spread regularly over the surface. The temperature, of 
course, varies according to the quality of the articles and the 
composition of the ^laze ; but, for the reason already stated, it 
must never be carried beyond the degree to which the biscuit 
has been previously exposed. In practice, the temperature of 
the gloss oven is generally less by about ten degrees of Wedg- 
wood, or 1800 degrees of Fahrenheit's scale, than the heat of 
the biscuit oven. 

As alkaline substances are so powerfully ixistrumental in 
promoting the fusion of intractable bodies, it may be thought, 
that by increasing their proportion when combined with fel- 
spar, glazes might be formed that would fuse at a heat suffi- 
cientiy moderate for any description of earthenware, and that, 
consequently, the use of oxide of lead, which is so pernicious, 
might be altogether abandoned : but another serious evil which 
would then he experienced prevents this substitution. The 
glaze, if it contained beyond a certain portion of alkali, would 
not underjBfo the same degree of expansion by heat as the body 
whereon it is laid, and would, as a consequence, crack to su<^ 
a degree as, when brought into use, would allow any greasy 
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matter to penetrate throHgh to the body of Hie ware ;. and thi« 
would (speedily destroy its coherency. 

The qualities which it is the object of the manufacturer U> 
give tb porcelain of the finest description, are density, whit^ 
nesB, transparency, and fine texture of the glaze. These prop- 
erties are estimated in the order wherein they are here enume- 
rated, coo^ctness of body being the point which it is considered 
most desirable to attain. The glaze, as seen in the finished 
porcelain, should not put on a lustrous appearance ; but while 
beautifully smooth to the touch, should present to the eye rather 
the sexiness of velvet than the floss of satin. This peculiar 
semblance will only be produced with glaze that melts with 
difficulty, and when the heat has been raised precisely to» and 
not beyond, the point that is necessary for its fusion. 

Stoneware is a very perfect kind of pottery, and approaches 
nearer than any other description to the chaiucter of porcelain. 
Its body is exceedingly dense and compact, so much so, indeed, 
that although vessels formed of it are usually jflazed, this cov- 
ering is given to them more with the view of imparting an at- 
tractive appearance than of preserving them from the action of 
liquids. When properly made and biked, stoneware is suffi- 
ciently hard to strike fire from flint, and is as durable as por- 
celain. 

This kind of earthenware is composed of clay and flint The 
proportion in which these ingredients are used is said to vary 
m difierent manufactories^ and it is difficult to ascertain the 
{H'ecise quantities employed in any. The grinding and dilution 
of the materialB is efiect^ in the manner already d^ribed, 
and when these have separately been thus treated, their union 
is commonly efiected in the proportion of about eighteen mea- 
sures of argillaceous to fourteen measures of siliceous fluid. 
Any larger proportion of flint would render the compound more 
difficult to be worked ; and if much less were used, the baked 
ware would not present a sufficiently smooth and shining ap- 
pearance. 

The best descriptions of this ware have very long been made 
in the potteries at Lambeth, the proprietors of which procure 
their supply of clay from Devonshire and Dorsetshire, and pur- 
chase flint already ground from Staffi>rd8hire, where this ma- 
terial can be afforded at a cheaper rate than would attend its 
preparation so near the metropolis. 

The plan introduced by the two brothers Elers is still pur- 
sued, of glazing these goods by the decomposition of comm(ni 
salt thrown into the kiln, at or near the conclusion of the bakmg 
process. Other glazes are likewise employed for many articles, 
and, according to the usual system, the particular components of 
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these are also veiled in mystery ; ground glass is, however, 
understood to be the basis df all. 

One of the most considerable of the Lambeth potters has re- 
cently announced the discovery of a glazing compound, which 
is sufficiently fusible without containing a particle of le»d, and 
which has been proved capable of altogether resisting the ac^ 
tion of acids ; it is used by him for coating the insides ci jars 
and bottles of all descriptions. 

The different colors observable on the outer surface of drink- 
ing jugs and other articles, are owin^ to the partial use of a 
glaze, the part to which this is applied becommg dark in the 
eat of the kiln, while the glazing of the light cobred portion 
is caused, as before mentioned, by the introduction of saJt 

The fkshioning of stoneware pottery is in all respects con- 
ducted similarly to the processes already folly described. 9eg- 
£rs are mostly employed for inclosing the pieces during tbe 
king, which usually occupies about torty-eight houra 

Vessels of considerable size, some being capable of containing 
sixty imperial ^[aUons, are made in this manner, and are found 
highly useful m performing many chemical operations con- 
nected with the arta. 
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ON THE ART OF APPLVINO OOUttS AMD ENQRAVINGS TO 

EARTUKM W ARK. 

Antiquity of Enamel Coloring. —SpeGimens from Ancient Egypt.— Fkom the 
Royal Works at Sdvres.-PaintM Ware of Worcester — Of Staffimlaliire— 
Of Derby— Of Yorkshire.— Great Serviceaof Mr. Wedgwood in this Branch 
of the Mannfocture.- Mystery in the Preparation of Colors.— Publieatioa 
of Processes by M. Broncni art.— Metallic Oxides — Addition of Ffuxing 
Bodies necessary— And D^y.— Colors Employed for tender and for bard 
Porcelain.— Vehicle used with the Colors.— Mode of their Combination.— 
Description of Colors.- Purple and Violet.— Red.— Yellow. — Blue.— Oreen. 
—Brown. — Black.— Whiter-Compound Colors. — Precautions necessary in 
Forming those Compounds.— Oilding.—Lustreware. — ^Preparation of Col- 
ors.— Enamelling Kilns.- Trial Pieces.— Method of Gilding and Bumiih- 
ing.— Copperplate Engravings.- Mode of Transferring Impressions to 
Earthenwares.— How Performed in France. 

The art of painting on earthenware, although of compara- 
tively recent introduction into England, is % no means a 
modem invention. It is well known that the ancients manu- 
foctured colored enamels; and some specimens of the art, per- 
formed by the Egyptians nxnre than three thousand years ago, 
have been preserved to the present day, which is an evidence 
of this &ct ; showing us, at the same time, that, in so remote an 



CnAP. VI. APPLYING COlORS AND ENGBAVINOS* 69 

age, the artists of Egypt were possessed of sufficient practical 
knowledge of chemistry, to avail themselves of processes which 
have been brought to light anew by scientific investigators c^ 
more modem times. 

Recently, the art has been carried to an admirable degree of 
perfection in Europe. Some specimens are preserved in the 
porcelain works at SdVres, of which the French artists are 
justly proud ; while the performances in our own potteries at 
Worcester, in Staffordshure, at Derby, and yet more recently 
in Yorkshire, are such as entitle them to be placed in an equal 
rank with those of our continental neighbors. 

When, about seventy years ago, Mr. Wedgwood commenced 
the series of improvements, by which his name has been ren- 
dered so deservedly celebrated throughout Europe, no attempts 
at embellidmient had been made in me £2nglish potteries ; and 
if ornamented services of porcelain were seen on the tables of 
the wealthy, they were always of foreign, and generally of 
oriental pvodaction. So soon, however, as,, by uie intnnsic 
merit of his wares, this enterprising manu&cturer had secured 
not only the patronage of royalty, but the more solid support of 
his countiymen in general, he called into action the crucible of 
the chemist, and the pencil of the artist, and led the way in 
bestowing that degree of outward embellishment on his pro- 
ductions, which converted them into objects of elegance, and at 
once encouraged and gratified the growmg taste for luxury 
among the higher classes in this country. 

The system of mystery still preserved in the English pot- 
tories, in all that respects the composition and glazing of wares, 
was likewise long practised with regard to the preparation of 
colors. If, at any tune, a manufacturer had fbunid out a prepap 
raticm more advantageous than that in use before, he idways 
endeavored to limit the benefit of the discovery to his own 
works ; a desire more easy of accomplishment fi)rmerly than it 
has become since the more general difiusion of the light of 
science. M. Brongniart, at one time director of the national 
manufactory of porcelain at Sdvres in France, has the merit of 
being the first who published a correct statement of the most 
approved plans fi>r preparing and combining the metallic oxides 
u%d in coloring porcelain and fflass. The employment of these 
substances for such purposes bad been lon^ before and com- 
monly practised, and the art was even carried by some of its 
professcm to a high degree of perfection ; but, as M. Brongniart 
^rves, no attempt had been made at the time his essay was 
written (1801), to apply to it the principles of chemical science ; 
^d such pretended descriptions as had then been published 
contained no theory, and consequently no general principles. 
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Where even the authors did offer explanations, these were 
founded upon the most ridiculous hypotheses ; so that all im- 
provements were rather the offipring of chance than the result 
of systematic inquiry. 

It would afl&rd but little satis&ction, or information, to relate 
by what steps the art now under consideraticm was reduced 
into a system, and thus became, in some measure, deserving of 
the name of a science. It will be sufficient to state the means 
by which that art is now rendered available in the best con- 
ducted porcelain works. In a great part of the following de- 
scription, the lucid statements given by M. Brongntart in his 
essay will be closely followed ; since, with scarcely any varia- 
tion, the same processes have been used in both the French 
and English establishments to the present day. 

In this branch of the art there are various objects to be con- 
sidered, a proper acquaintance with which is necessary to suc- 
cess. Such are, the composition of colors ; the fluxes which 
are necessary to render these fusible, which unite them to the 
wares, and in many cases impart brilliancy to their tints ; the 
vehicle employed in laying on the colors, and the course to be 
pursued in nxmg them on the porcelain by means oi heat 

Metallic oxides form the bases of all vitrifiahle cdors, bat 
every metallic oxide is not proper for being employed in deco- 
rating porcelain. Some are highly volatile, as the oxides of 
mercury and of arsenic. Others part so freely with the oxygen 
they hold in combmation, that their color proves uncertain, and 
vanes with every application of heat ; such are the pace-colored 
and red oxides of lead, and the yellow oxide of gold. Oxides 
which are susceptible of ^at variations are very seldom em- 
ployed. Black oxide of iron is not used alone for producingf 
that color on porcelain ; and the green oxide of co]^r, as for- 
merly prepared, was so uncertain that it was very rarely em- 
ployed ; but this evil has, since the time of M. Brongniart, 
been ^eatly remedied. 

Oxides unoombined with Other substancesTHire not susceptible 
of fusion ; and although they may be attached in thin strata to 
vitrifiable bodies by a very violent heat, yet their colors, with 
the exception of lead and bismuth, would, in such case, become 
dull, and possibly be even destroyed. In order to promote their 
fusion, a flux is therefore added, the composition of which, varies 
according to the means employed for diluting the colors at the 
time they are used. Where a volatile oil is chosen for this di- 
lution, a flux composed of glass, nitre, and borax is most proper; 
but when, as in the Sevres manufactory, gum-water is ^bsti- 
tuted for this volatile oil, the flux must be varied, because borax 
cannot be properly diluted in gum-water. A compound of glass, 
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lead, and silex is therefore preferred by M. Brongniart, who, 
however, hajs given no directions regajnding the pioporticnui 
wherein these bodies must be brought tog^er. The other 
menstruum, which is recommended by M. de Montamy, in his 
treatise cm rainting in enamel, is composed of 

Powdered glass 40 parts. 
Calcined borax * 22 
Refined nitre - 44 
It is indispensable, not only that the borax and nitre be as pure 
as they can be rendered, but also that the ghss shall not con- 
tain Uie smallest particle of lead in its composition. These in- 
g;redients must first be well triturated together in a glass mor- 
tar, with a pestle of the same material, during an hour, and 
then exposed in a crucible to the heat of a chiwcoal fire, until 
the swdling, which for a time accompanies the fusion of the 
mass, has ceased. 

By means of this flux the colors are fixed upon the porce- 
lain, and made to assume a resplendent appearance : the metallic 
oxides, being enveloped by the flux, are preserved from all con- 
tact with the air, and their color is rendered permanent; the^ 
fusion having been promoted at a temperature too low for their 
destruction. 

Tml should be made of the habitudes of different cobrs in 
combination with their flux, in order to determine the exact 
quantity to be employed with each. Various substances vitri^ 
with greater or less facili^ when thus combined, and £e 
greatest carefulness and skill are consequently required, so to 
proportion the relative quantities of each, that not more of the 
flux shidl be added than is necessary to cause a perfect vitrifi- 
cation. If too little were used, the colors, although they might 
attach themselves to the porcelain, would nevertheless be dull ; 
and if too much, the colors would run, their outlines would not 
be sufficiently decided, and dl the finer touches of the artist 
would disappear. It has been remarked, that colors which re- 
quire for their fusion more than six times their weight of flux, 
do not flow witii sufi^ient facility ; and, as they cannot be ap- 
plied with a pencil, so as to produce a satisfectory result, should 
be rejected. 

Such metaUic oxides as would have their colors altered hy a 
strong or often repeated heat, are employed after being mixed 
with their flux, but without having been previously fused with 
it In many cases metallic oxides are first fused with the 
requisite proportion of their flux, and are then ground for use. 

*Mr. TillOGb remarks (Philo«. Mag. vol. li.) that borax should be used 
sparingly, as it causes efflorescence, and jHromotes the decay of the enamel 
coloxa. 



. 72 VOUCElAiJX MANUFACTURS. crap. VI. 

Enamel is glass made opaque by the oxide of tin, and ren- 
dered fbsible by the oxide of lead. All glazes that contain lead 
participate in the properties of enamel. Raw glazes used for 
covering tender porcelain are of this nature. The colors em- 
ployed m painting this porcelain are those which serve for 
painting in enamel; they require less flux than others, because 
the surfiice to which they are applied becomes soft enough to 
be penetrated by them. Hard porcelain, whose nature is ideih 
tical with those of China and Saxony, heis two kinds of cdors 
applied to it Those of the first kind, which are used in the 
representation of di^rent objects, are baked in a heat much 
below that necessary for baking porcelain; while the other 
colors, which are few in number, must be exposed to the highest 
degree required by the porcelain itself. The glaze used for 
hard porcelain has little or no lead in its composition. The 
Sdvres manufacturers, and some few in England, employ fel- 
spar without any mixture of lead. This ^laze, when exposed 
to the heat of the gloss oven, dilates, and its pores are opened 
without becoming soft, so that the colors are not absorbed by it, 

^ and do not undergo those changes which occur when they are 
applied to tender porcelaha, where, by mixing with the body of 
the enamel, they become &int and mdistinct This effect is 
much increased likewise where some particular colors are em- 
ployed, and especially the reds produced from iron, which are 
exposed to the destructive action of -the oxide of lead that is 
contained in the glaze. Painting on tender porcelain must, ibr 
these reasons, be several times retouched with the pencil, in 
order to give to it the distinctness and brilliancy which follow 
the use of the same colors on hard porcelain, so that a high de- 
cree of ornament is seldom or never ^ven to any but the latter 
description. In the embellishment of hard porcelain, these re- 
touchings are not required, except for the most elaborate speci- 
mens of the art, which can by such means, however, be pro- 
duced with the most admirable degree of perfection, so as to 
render paintings on porcelain not distinguishable from the 
finest productions of the pictorial art, without reference to the 
body upon which it is performed, or to the means used for 
bringing out the colors ; natural objects, landscapes, portraits, 
and even historical pieces being represented with all tiie truth, 
as well as with all the brilliancy of coloring, which distinguish 
the works of the first masters. 

y One great inconvenience attends the repeated exposm^to 
the heat of the oven of pieces thus retouched ; the colors being 
liable to peel off, unless the greatest care has been used in their 
application. This defect has been remedied in the Sevrefi 
works, by introducing a calcareous flux into the felspar glaze, 
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which softens it, without at all a^cting the hody of the ware. 
Soda and pota^ are never used as fl^es, as theur introduction 
causes the colors to scale ; the reason for which is, that, becom- 
ing volatile in a great heat, they abandon the color, which then 
will not adhere to the glaze. 

The liquid matter which serves as a vehicle in laying on the 
colors, is rubbed with them upon a glass palette until the whole 
is intimately united. The mixture must be brought to that 
state of dilution which is most proper and convenient for its 
application with a hair pencil on the surface of the porcelain. 
Great care is used in the choice and management of Uiese dilu- 
ent liquids, which must always be sufficiently volatile to be en- 
tirely dissipated in the heat to which the wares are afterwards 
exposed. In France, the preference is given to oil of lavender 
as a vehicle; and in order to insure the proper degree of fluid- 
ity, this oO is divided by distillation mtb two parts: that which 
first comes over, bein^ the most volatile, and having the least 
density, is used for diluting the colors when they become too 
thick ; and, on the other huid, the portion that remains in the 
retort, having the opposite qualities, is- reserved for thickening 
them when mey run too freely. Oil of turpentine, which has- 
been some time in store, is more generally used in England, 
and is said to answer the purpose better than any other volatile- 
flaii 

It was remariced by Brongniart, whose practical knowledffe 
qualified him to judge correctly on the subject, that of all the 
processes for painting on glass and porcelain described in works 
that were in existence at the time his essay was published, 
there was not one, by strictly following which, the desired co- 
lors could be produced. In describing these processes, oae au- 
thor had followed another without knowledge or examination ; 
and even the treatise by Leviel, which forms part of the volu- 
minous work on arts and manufactures, publishjed under tb» 
auspices of the Academy of Sciences in Paris^ is not fxve.fiem 
this reproach. Such want of correctness, from whuteiver caus^ 
it may Iiave arisen, is litde honorable to'the authon; win if 
even unable, by penetrating the veil of mystery whenua ft« 
manufacturers shrouded their practices, to expose them eorrecfef* 
ly to the world, might, without difficulty, have ascertadoBd th» 
truth or falsehood (rf that to which they were srffixing the stsmp- 
of their authority. The course which they jfursued ^ould as- 
suredly fidl of success in the present day, when an acquaintance 
with chemical phenomena is no longer confined, as it formerly 
was, to a few among the rarer order of students* and such er- 
rors would be certain of confutation at the moment of their pro* 
mulgation. 
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Purple and vkiUt colors tire procured by dissolving gold in 
aqua regia (nitro-muriatic acid), and immersing a bar of pure tin 
in the solutioiL The product thus obtained is ^led, from its in- 
ventor, the purple precipitate of Cassius, and is used very gen- 
erally fi)r giving the above-mentioned colors to porcelain. A 
preferable way of preparing this precipitate is to dissolve the 
two metals separately, and by then bnnging the solutions to- 
gether in different proportions, various shades of carmine, vio- 
let, and purple are obtained. The first of these three tints is 
seldom used in porcelain works, for although extremely beauti- 
ful, it is also very transient, and may be easily spoilt by a small 
excess of heat, or by the contact of carbonaceous vapors^ a cir- 
cumstance which is the less important, as its place may be well 
supplied by a rose color obtained fix)m iron, and which is not 
liable to the same disadvantage. Carmine color, when used hi 
tender porcelain, is prepared with fulmmating gold (made by 
dissolving the metal with aqua r^ia and precipitating with am- 
monia), and muriate of silver. This compound is without any 
addition of tin, which shows that an union of the oxide of tin 
with that of gold is not necessary — as many have supposed— 
for the production of purple. 

Violet color is also made with the purple oxide of gold, re- 
quiring the presence of some portion of lead in the flux for the 
development of this shade. These three colors cannot bear 
exposure to the lull heat of a porcelain furnace, in which they 
would wholly disappear. In using the precipitate of gold, it is 
mixed with about six times its own weight of flux, and is em- 
ploved without previously fusing the two bodies together. 
When first applied on the porcelain, it is of a dirty violet color, 
but by exposure to heat this posses to a most beautiflil purple. 
It is recommended to employ charcoal as fuel in baking this 
color. Frequent exposure to the fire will materially impair its 
beauty. 

Red oxide of iron, prepared by the united action of fire and 
nitric acid (the aquafortis of commerce) yields a red color, 
which, although beautiful, is less brilliant than that produced 
from gold. Aa already stated, it is, however, preferable on ac- 
count of its less liability to changa Shades of red, deepening 
firom rose color, and passing by the increased application c? 
heat to brown, are obtained mm iron. The flux employed with 
this oxide is composed of vitrified borax, sand, and a small pro- 
portion of red lead, and the color may be used either with or 
without previous fusion with its flux. By the mixture of black 
and red oxides of iron, in different proportions, various idiades 
of reddish brown, chestnut, &c. are t)btained. Red colors pro- 
duced from iron carmot be used on tender porcelain, since they 



CHAP. VI. APPLTIirG COLOBS AND ENOBAVIXGS. 75 

disappoir, in that case, on exposure to heat This e^ct must 
be ascribed to the presence of lead in the glaze. Several ex- 
periments, conducted by M. Brongniart, have proved this fiict 
beycMid all controversy. 

A very permanent red color is procured by calcining the ox- 
ide of iron with double its own weight of common salt (chlo- 
ride of sodium). The processes need, for this purpose must be 
careMly conducted, and the salt purified and decrepitated — 
that is, subjected to the action of heat until all crackling 
noise has ceased. The oxide is procured by dissolving iron 
filings in nitric acid, and precipitating with salt of tartar (sub- 
carlmnate of potass). The precipitate must then be placed on 
a thin sheet of iron, and exposed under a muffle to the heat of 
a charcoal fire, until it has taken a fine red color. The two 
substances having been well triturated together in a glass or 
porcelain mortar, are then calcined in a crucible, and the oper- 
ation should be carried as far as possible, without occasioning 
the vitrification of the mass. Wlien taken from the fire and 
cooled, the compound is again triturated ; successive portions 
of hot water are poured upon it, stirred, and then removed, 
until the water is no longer color^. The fluid thus tinged 
is allowed to settle, and is, when clear, poured from the sedi- 
ment, which is then washed five or six times in fresh portions 
of clear water. 

To obtain yeUow colors, for both hard and tender porcelain, 
white oxide of antimony, mixed with sand and oxide of lead, 
are employed, the latter substance serving as a flux to the 
others. Great carefulness is required in the preparation, as the 
lead frequently approaches, by reason of the heat, to a metallic 
state, and, in that case, appears in the form of black spots on 
the wares. Oxide of tin is sometimes added, and when the co- 
lor is required to be livelier, and approaching to that of saffiron, 
red oxide of iron is added, the too great redness of this being 
subdued by the action of the lead, in the fusion which the ingre- 
dients undergo, previous to their application on the porcekin. 
The colors thus produced are not susceptible of change, but if 
exposed to the full heat of a porcelain furnace would be en- 
tirely dissipated. 

Oxide of uranium, mixed with oxide of lead, produces a 
straw color. By decomposing chromate of potass, with nitrate 
of lead, which is a saturated solution of lead in nitric acid, chro- 
mate of lead is precipitated, and this proves a very excellent 
yellow color. 

Naples yellow is composed of 24 parts of ceruse, 4 parts of 
oxide of antimony, and one part each of alum and sal ammoniac 
(muriate of ammonia), calcined together at a moderate heat 
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during three hours. The shade is varied by iiiGreasiiig or di- 
minishing the proportion of sal ammoniac. The quantity of flux 
that must be combined with this color for use is uncertain, and 
must be matter for experiment with the manu&cturer. 

For the production of blue, well prepared and very pure 
oxide of cobalt is employed, mixed with a flux. Oxides of tin 
and of zinc, added in diSOTerent proportions, give diflferent 
shades, from a deep rich color to a light blue. As the oxide of 
cobalt is volatilized at a high heat, it is impossible to place in 
the same case, white pieces, and such, as are painted blue ; 
since the former would certainly assume a bluish tint in the 
operation of baking. This difliculty does not occur with tender 
porcelain, on which the cobalt is not volatilized as in the other 
case, owing to the heat being very inferior to that used in ba- 
Jung hard porcelain. These blue colors, if they have been pre- 
viously fused, do not change at all after their ai^Iicatioii. The 
rich smalt, known under the name of azure-blue, is only the 
glass of cobalt, mixed with sand. This color must be Hised in 
fl. crucible, and reduced to an impalpable powder in an agate 
mortar, after which it may be used in combination with flux. 

Prussian blue, which results from the union of hydroc3ranic 
acid with oxide of iron, is very extensively used in the arts; 
and being prepared on a large scale for sale, in various parts of 
the kin^om, no manufacturer of porcelun will undeigo the 
trouble, or encounter the unpleasuit circumstances attendant 
upon its preparation, but will rather obtain the comparatively 
small quantity be may require by purchase. 

Green oxide of copper is usually empbyed for the pioductioa 
of a green color. On precipitating in difl^rent vessels, by means 
of potass, solutions of copper which are equally pure and con- 
centrated, it is perceptible that the precipitate is formed more 
quickly in some vessels than in others; and if these diflferent 

1>roducts are separately collected, those which are most prompt- 
y formed axe, when dried, of a fine bright green, and produce 
a corresponding color on porcelain; while those precipitates 
which are deposited more slowly, form earthy and less dense 
particles of a much darker hue, and which, when applied to por- 
celaui, yield a less pleasing color, and pass sometimes to Mack 
during the baking. If, however, the precipitated oxide is pre- 
viously fused wim its flux, this change need not be apprehend- 
ed. Very pure oxide of copper is frequently (Kocured by pla- 
cing sheets of the metal in the oven wherein the ware is glazed. 
Mixtures of yellow and blue are sometimes used in the compo- 
sition of green colors: some of these will not exist in the heat 
of a porcelain furnace. Various -shades of beautiful green may 
be obtained, by mixing, in diflferent propartions^ Prussian blue 
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with the cluhomate of lead already described. A mixture of the 
Glides of cobalt and nickel, will resist a very intense heat, but 
does not produce a fi^enuine green : it is rather an olive color. 

Oxide W^hromi^ gives a beautiful green color, which ia 
indestructible in the heat of a porcelain furnace. That class of 
green colors, called celestial blues, can pnly be. applied, accord- 
ing to Brongniart, on tender wares : being partly composed of 
potass, they scale off from hard porcelain. 

Different shades of light and of deep rich ln*own are obtained 
from mixtures of the oxides of iron. These must be fused 
with thin flux befiire they are used, after which fusion they do 
not undergo any change on the application of heat Russet 
grounds, known under the desi^fnation of tortois&dhell, are pro- 
duced in this manner. Felspar is employed as a flux with these 
colors. 

There Is not any metallic oxide which alone will give a good 
blacL Oxide of manganese approaches the nearest to it The 
Uack oxide of iron yields a very dull color, which sometimes 
changes to red. The color-makers therefore unite several ox- 
ides together, and thence obtain a very beautiful black. The 
oxides thus combined are of manganese, the brown oxide of 
copper* and a small proportion of ue oxide of cobalt A gray 
color is obtained by omitting the copper, and increasing the 
proportKniate quantity of the flux. 

Cobalt, oxide ci copper, and umber, in equal parts, reduced 
tog^er to an impelpa.ble powder in an agate mortar, prove a 
veijr good black. This must be used with three times ita 
weight of flux. Another black is composed of feur parts oxide 
of copper, one part of smalt, and one part of black oxide of iron,' 
which, like the former compound, must be rubbed together to a 
fine powder, and used with three parts of flux. 

In the ** Annales de Chimie et de Physique,*' (VoL 20. 1823), 
directions are ^ven for the preparation of a beautiful black en- 
amel, the verification of which on the part of our porcelain 
manu&cturenB is perhaps desirable. The experiment necessary 
for this purpose might have been somewhat simplified, if the 
artist bjr whom the directions are communicated had stated the 
proportions wherein the ingredients should be brought together. 
The formula directs that chloride of platina, dissolved in water, 
diould be mixed with nitrate of mercury. By then subjecting 
the precipitate which will be formed to a heat just sufficient to 
voktilize tiie proto-cUoride of mercury, a black powder will be 
obtained. This is tiie enamel, which must be applied in the 
usual manner, in combination with a fluxing matenal. 

M. de Montainy in his treatise, to which allusion has already 
been made, gives a recipe for composing a pure white color, 

G2 
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which IB finmd very serviceable by the French artis||B in form- 
ing their series of shades, as well as in the compositiiOQ of those 
parts of tibeir deragns which require to be represented in a bril- 
liant white. This color is composed of one part of virgin tin, 
and two parts of common salt The latter must be thoroughly 
purified, by first dissolving it in distilled water, then filtering 
the solution through paper, and afterwards evaporating it to 
dryness over the fire in a porcelain capsule. The salt, which is, 
by this means, made extremely white, must be fiirther exposed 
to heat in a crucible, until all decrepitating noise has ceased. 
The purification will be yet more perfect, if, after filtering it, 
the solution is partially evaporated, and then placed in a cool 
situation to crystallize slowly. Those artists who are the mo6t 
p^ticular in their processes, select preferably from the rest 
such crystals as take the form of cubes. The next part of the 
process is to place a crucible on the fire, well covered, to pre- 
vent the entrance of smoke or ashes. When this crucible is at 
a red heat, the tin is introduced, and is left until it is not only 
ftised, but red-hot, at which time the purified salt is added in 
t^ proportion already mentioned. Talking then a clean iron 
s|Mtula, the end pf which must be previously heated, the miz- 
t^ce is stirred until the substances are well incorpoimted to- 
ge^er. The crucible being then again covered, is to be sur- 
rounded with burning charcoal, and firom time to time, the 
sfitul^ft which must be always perfectly clean and hot, should 
h^ introduced to agitate the mass. Wlien the end of this spat- 
ijijBLf in being tempered by the heat of the crucible, begins to grow 
white, it is a sign that the calcination is carried snmciently &r, 
and that the crucible should be removed firom the fire ; the cal- 
cim^tion usually occuiHes an hour for its completion. The com- 
pound ^ould next be bruised in a mortar of glass or c^ agate, 
aji^ agam placf»d in a crucible which is set in the midst of 
buiiung cpak and covered with a muffle. The heat is then 
rpjised gsadually, and continued during three houre^ when, od 
removmg the cruci^ firom the fire, the color is found to be 
hard, and requires some force to detach it firom the vessel 
This done, it must be pounded in a mortar, and washed in hot 
water that has been filtered or distilled, and fresh portions of 
^ter added, uxstil the fluid has no looj^er any taste ^ salt 
The white color is afterwards to be boiled violently with an 
abundance of wat^ in an earthenware vessel for two hours, 
suppling hot water during that time to replace the portion that 
is evapontted. When the supernatant water has become dear 
by standing, it must be poured off carefully. 

This white may be advantageously employed.in painting with 
oil, as it mixes well with it When used on porcelain, it mu^ 
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be mixed with tlHree times ite weight efflux. The prepbntion 
of tkis color will not succeed unless the tin is extremely pure, 
and it is essential that the nicest possible degree of cleanliness 
should be observed throughout the operations. 

By making different mixtures of the various colors here de- 
scribed, every hue that can be desired may be obtained. It is 
not, however, so easy, as without due consideration it might 
appear, to produce these various shades. Great judgment in 
the selection of materials, carefulness in their preparation, and 
knowledge as to the relative proportions wherem they should be 
brought together, are essential to success ; and an acouaintance 
with the science of chemistry is highly desirable. There are 
some colors which, if mixed, would mutually destroy each other, 
and on the exposure of metallic oxides to neat, changes ensue, 
which result not from the nature and habitudes of the colors 
themselves, but rather fh^the influence of the bodies to which 
they are applied. 

It would be scarcely possible to treat satisfactorily upon the 
inciting causes of all these variations, a full knowledge of which 
can result alone from the practical experience of the artist and 
Qumu&cturer. 

Many potters do not prepare their own enamel colors, but 
purchase what thev require nrom persons who manu&cture them 
for sale. Some or these preparations are exceeding costly, and 
as the temptation to adulterate them is consequently ^eat, the 
potter i^ould have good reason tD relv on me probity of the 
cobr-maker with whom he deal& A fraudulent mixture, the 
detection of which would be impossible before its use, except 
by means of a chemical analysis, might be the occasion, in its 
results, of severe loss and disappointment. With the exception 
of the great works at Sdvres, this system of purchasing their 
enamel colors has, fer many years past, been verjrgeneial among 
the potters of France. In a repwrt made to the French govern- 
ment, by a commission appointed in 1819, to examine mto the 
progress of manufacturing industry in that countir, occasion 
was taken fer offering congratulaticms upon this establishment 
of an independent occupation, as marking the great extension 
of the porcelain manuftcture, and as ofiering to the artist 
means A obtaining eveiy shade of color, prepared by persons 
whose interest is mvolved in ascertaining their efiects when 
submitted to the heat of the flimace, thus removing all uncer- 
tainty from the operations of the painter, and rendering it un- 
necessary for him to suspend his work that he may prepare his 
Qplorai 

^ The gold used in gilding porcelain is applied in a metallic 
state. To prepare it for this purpose, it is dissolved in aqua 
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regit, and the acid being afterwards dianpated by the appUca- 
tioa cf heat, the gold remains in the state of powder at the bot- 
tom of the vesBeL This powder must be mixed with boru 
and gum-water, as a vehicle for causing it to flow from the 
pencu and fix upon the wares; which heiag then baked, the 
gilding appears void of lustre, and requires to be afterwards 
bumi^ed with either agate or blood-stone. 

Gold and silver lustre'Ware is commonly of an inferior quality. 
The metallic oxides used for covering these vessels are inti- 
mately mixed with some essential oil, cmd then brushed entirely 
over dieir surfiice& The heat of the enamelling oven, which 
dissipates the oxy^n, restores the oxides to their metallic state, 
but with some duninution of brilliancy. The oxide of plati- 
num is used for making silver-lustre. 

Colors, when they are required for use, should be first 
pounded quickly in a mortar made of either agate, porcelain, or 
glass, wim a pestle of the same material, ai2 covered to pre- 
vent the access of dust They must be afterwards ground on a 
glazed palette, firmly bedded m plaster on a wooden frame, and 
perfectl]^ level The artist who decorates porcelain is required 
to rub his colors with as much nicety as is used by miniature 
painters, so that there must not remain the least perceptible 
roughness, either under the muller or between the fingera The 
requisite* proportions of volatile oil and of flux are added and 
ground with the colors on the palette, the whole having been 
carefully weighed before their union. The general rufe is to 
put five parts of flux to two parts of coloring matter : but some 
colors, as already mentioned, require more, while with othen 
this proportion would be too great Smafe^requires to have 
combmed with it only half the sum of its own weight 

The artist must be attentive to grind his colors with the 
smallest quantity of oil that will sufiSce ; if this should be in ex< 
cess, it may in evaporating leave spaces between the particles 
of color, and the subject would appear very imperfectly exe- 
cuted. The fluidity of the mixture should be kept at tiuit ex- 
act point which enables the artist to produce the finest strokes 
with clearness and focUity. 

Before the pieces which have been painted are baked in the 
enamelling-kiln, it is necessary to dry the colors by evaporatii^ 
the oil used with them as the vehicle. 

Every considerable pottery has enamelling-kilns of various 
sizes. These are in form like a chemist's muffle, frixn about 
nx to ten feet long, and fr(xn three to fiYe feet wide. The ar- 
ticles are piled in the kiln until it is filled, when the mouth be- 
ing closed, fire is applied, and continued for about eight or ten 
hours, at the end of which time the colors are found to be burnt 
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into the glaxe. In piling the {neces in the Idhs, care musi be 
used to avoid the placing of any one piece upon the gilt border 
of another. The muffle is provided with triid pieces, which 
can be extracted from time to time during the baking, and 
which wdl indicate the general state of the contents of the kiln, 
so as ta govern the continuance of the operation. No delaj 
should' oociir between the sufficient baking of the colors, and 
tlie wii^idrawing of the fire, as their Iwilliancy wouM be injured 
by Us longer continuance. The contents or the kihi are left 
imdidtiii'b^ until they are cool, aod are then withdrawn. All 
impure exhalations are prejudicial to the beauty of colors, and 
every substance whence they can arise should, as far as possi- 
ble, be kept away firom the kUn during the process. 

GDding^im porcelain or on ^kas is performed either with or 
wit|i)ou(^e addition of a fluxmg material, the gold being made 
to adhere to the sur&ce by the incipient fusion of eimer the 
glazii^ on the porcelain, or of the sumceof the glase^ or of the 
flux employed. 

Gold is used lor this purpose sometimes in the jfbrm of leaf 
gold, and at other times in that of powder, prepared either me- 
chanically, or by chemical precipitation. When the first of 
these two meHiods is en^loyed, leaf gold must be ground with 
honey or with gum-water of an equal consieitence ; the honey 
or gum being afterwards washed away, the gold may be kept 
for use in paper or in ^hfells, and the use of thee^ latter recipi- 
ents has oecasioned this powdi&r to be known among artists m 
"shell gold." This precious metal is precipitated from its solii* 
tioQ in aqua regia, by adding to it a watery dilution of green vit- 
riol ^roto-fiulphate of iron) or strips of metallic copper. Gold 
powdbr may likewise be obtained ftom the same sduti<Mi by dis- 
tillkg it to dryness; but this process is not so convenient as pre- 
ci[HtatioiL The powder has also been procured by first forming 
an amalgam of the metal with mercury, and then evaporating the 
latter ; but besides being expensive, the fumes of naercury are 
found to be extremely prejudicial to the health of the operators. 

When gc^dpowderis used, it miKtt be mixed with gum-water 
as a vehicle. Where it is intended to apply leaf gold without 
any fluxing material to tiie body of the wares, these should be 
oioistened in the requisite parts with a weak solution c^ gum- 
arabic, which must afterwards be allowed to dry. When the 
gold is applied, the porcelain or glass may be made sufficientlv 
adhesive by breathing on it If a flux is employed, it should, 
after being rubbed very fine wkh a muller, be diluted with 
weak gum-wfl.ter, and very thinly spread over the parts which 
it is designed to ornament ; when very nearly dry, the leaf gold 
is laid upon it 
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^apojanera* pM siae, moistened to the requisite degree with 
oil of turpeutme, is sometimes employed. Waiting Uien until 
the size is so fiir dried as to he only clammy to the touch, the 
gold leaf is laid on with cotton wool. As soon as the gold is 
applied, the ware is placed in an oven or muffle, that it may bs 
humt on. 

Some old authors direct the artist to fuse gold with reguihis 
of antimony, to pulverize the mass, and to spread the powder 
upon the parts to be gilded, exposing the ware afterwards to 
such a heat as will suffice to evaporate the antimony while the 
gold remains iixed. This method of proceeding is objectiona- 
ble, from the almost impossibilitjr of spreading the powder id a 
sufficiently uniform manner, besides which, part of the gold will 
also be carried off, and some descriptions of glass are even fbsi- 
ble with the degree of heat necessary for pei%cting the procesB. 

Circular gold lines are frequently described on small articles^ 
such as cups, saucers, and plate& To assist him in traciag 
these with accuracv, the artist employs a portable horizontal 
wheel, the height of which may be adjusted at pleasure, tDOcard- 
ing as the nature of the work requires it to be performed in a 
standing or a sitting posture. The lower part of this wheel is 
somewluit similar to the leg and feet of a claw table, the leg 
being bored out for the reception of a stout metallic wire, the 
altitude of which is regulated by means of a thumb-screw. 

The upper or movable part of the wheel has a like tubcdar 
cavity in its vertical part, by means of which it is iiopt on to 
the upright wire, and is made to rest upon a shoulder fixed on 
the wire, so that the wheel may be made to turn tniiy upm 
this as its axis: the whole is surmounted by a horizontal table. 

In proceeding to use this machine, the artist places his feet 
firmly upon the base of the wheel, and fixing the article to be 
ornamented upon the table, he causes the revolution of the 
wheel with his left hand, and holding his brush steadily in the 
other, describes the circles with the utmost fhcility and accu- 
racy. 

Burnishing, which is the last process perfi»med in the manu- 
iacture of ornamented porcelain, is usually intrusted to female 
hands. The implements required for this purpose are, a bom- 
isher of agate or blood-stone, some white lead, a piece of ^eep- 
skin for wiping the ware, and some vinegar. As extreme 
cleanliness is indispensable, the person engaged in burnishing 
does not even touch either the porcelain or her implements, 
but interposes between them and her hands a piece of clean 
white linen. The a^te burnisher should be applied lightly 
on the gilding, following all the ornaments, and never rub^g 
in cross directions, lest the gilding should appear scratched 
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After having rubbed the gilding fi>r some time, a little vinegar 
or white lecui should be appliS to cleanse the sur&ce. lliiB 
being removed with a soft linen ra^, the burnishing is recom- 
menced, and continued until the gilding throughout assumes a 
satis&ctory appearance. 

It will be remembered, that in the preceding description of 
the colors used in painting porcelain, several were mentioned 
as being unable to support the heat of the gloss-oven. Others, 
however, have not this disadvantage, and will bear the highest 
temperature without injury. Where colors are applied directly 
on the biscuit, no oil is ever ground wiUi them, but they are 
mixed with water only, and the glaze may be added without 
any intervening application of heat The temperature of the 
enamel-kiln is usually about six degrees of Wedgwood's 
pyrometer, answering to 1857 degrees of Fahrenheit's scale. 

In the year 1817, the Socie^ for the Encouragement of Arts, 
&c., awarded a premium to Mr. R. Wjmn, for a list of receipts 
communicated by him, for the preparation of enamel colors and 
flaxes. A co^ of Mr. Wynnes paper is inserted in the 95th 
volume of the Transactions of that Society. 

The fluxes are, Na 1. Red lead 8 parta 

Calcined borax . . 1^ 

Flint powder ... 2 

Flint glass 6 

Na 2. Flint glass .... 10 

White arsenic ... 1 

Nitre 1 

No. a Red lead 1 

Flint glass 3 

Na 4. Red lead M 

Borax, not calcined 5} 

Flint glass 8 

Na 5. Flint glass 6 

Flux,Na2. .... 4 

Red lead 8 

The ingredients forming each c^ these fluxes are melted to- 
gether, and the compounds are then finely pounded for use. 
The recipes for colors are as follows: — . 

YeUow. Red lead 8 parts. 

Oxide of antimony .... 1 
White oxide of tm .... 1 

Mix the ingredients well in a biscuit-ware mortar, and having 
put them on a piece of Dutch tile in the muffle, make it grad- 
ually red-hot, aiid suffer it to cool. Take of this mixture 1 part ; 
efflux, Na 4, 1^. Grind them in water for use. By varying 
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the proportion of red-lead and antimony, dif]ferent shades of 
color may he obtained. 

Orange. Red lead 12parts. 

Red sulphate of iron ... 1 
Oxide of antimony .... 4 

Flint powder 3 

after calcining these without melting, fuse one part of the com- 
pound with 2^ parts of flux. - 
Dark-red, -Sulphateof iron, calcined dark . . 1 part 

Flux, Na 4 . 6 parte ) f jy^ 3 

Colcothar . . 1 ) 

Light-red, Red sulphate of iron, . . 1 part 

Flux, No. 1 3 

White lead H 

Brown, Manganese 2i 

Red lead 8| 

Flint powder 4 

The style of decoration described in the \Teceding pages of 
this chapter, is in a great measure confined to the most costly 
descriptions of porcelain. Wares which are fitted by their 
price for being torousht into more general use, undergo a differ- 
ent kind of embellishment A great variety of neatly executed 
paUerns are transferred to their surfaces from impressions pre- 
viously printed on papier, Be&re the introduction of this style 
of ornament, table services of home manufacture were either 
composed of plain QueenVwaxe, with occasionally a colored 
edge ; or at best were furnished with a painted border, which 
displayed but little taste- in its conception, or ability in its exe- 
cution. This modern improvement has added materially to the 
decent comforts of the middle classes in England, and has more 
than any other circumstance contributed to the great extension 
of our trade in earthenware with the continent of Europe. 
When first invented, and for some time afterwards, the designs 
employed were only imitations of figuiDes and objects seen on 
old blue China porcelain; but a better taste has since prevailed, 
and artists employed in the composition of patterns no longer 
think it necessary to outrage truth in- their representatiixis. 
Landscapes and fibres, in conformity with the simf^city of 
nature, and exhibiting a considerable decree of taste, are now 
80 common, that this new advantage denved firom the printing- 
press is enjoyed without exciting attention or commanding ac- 
knowledgment 

The method of transferring printed designs to eartliem ves- 
sels is thus pursued. The landscape or pattern is engra\«€d 
upon copper, and the color, which is mis^ with boiled linseed 
oil, is laid on the plate in the same maooi^ aa ink is usually 
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applied by ooppeivpkte printers. To iQcreaflo the fluiditv of 
the oil, the plate is then temporarily placed in a stove, a sheet 
of damped tissue paper is laid on it, and both are passed in the 
ordinary manner through the pressL The paper, wet with the 
color, is then delivered to a girl, who reduces its size by cut- 
ting away the blank portion surrounding the pattern, and passes 
it to another ffirl, by whom the impression is applied lightly 
to the ware when in the state of biscuit A third girl is next 
emi^oyed, who^ with a piece of woollen cloth rolled tightly in 
the form of a cylinder, rube the paper closely against the piece, 
in order to press the color sufficiently into its sub^mce. The 
paper thus rubbed is left adhering to the article fi>r an hour, 
when both are placed in a cistern of water, so that the paper 
becomes soft enough to be peeled off without violence, havmg 
transferred to the biscuit the impression which it had received 
from the copper-plate. 

When the pieces thus printed have stood a sufficiently long 
time to become dry, tliey are placed in an oven, to which a 
gentle heat is applied, in order, 1^ dissipating the oil, to pre- 
pare the wares mr receiving the glaze. This is, of course, 
completely transparent, as otherwise the distinctness of the 
pattern would be impaired. 

For a long time blue, produced from the oxide of cobalt, was 
the onlv color employed ; but, of late, the potters have extend- 
ed to this pleasing branch of their art all the colon on their 
palette. 

The glaze on printed goods is vitrified in the gloss-oven in 
the manner already described. 

The fVench potters empjioy a different method for transfer- 
ring engraved patterns. They cast a sheet of fine glue, about 
a quarter of an inch thick, and diluted while warm to such a 
degree that when cool it shall be perfectly flexible, and have 
the consistence of leather. This glue being applied up(Hi the 
plate, and pressed with the hand, receives the colors according 
to tJie pattern, which it gives back to the surftce of any vessd 
to which it may be applied. Two impressions may generally 
be given in this manner without a fresh application of the glue 
to me plate. After the second has been impressed, the surface 
of the glue is cleaned carefully with water applied by a soft 
brush, and serves again as before. 

The decoration of earthenware by means of engravings is of 
much more recent adopti(Hi in France than in England, — ^not 
having been used in the former country until about the year 
1805. 

In the report made by the Committee appointed to examme 
into the progress of the arts and manufactures in France, as 

H 
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ezemi^ified hy specimens exhibited at the Lcmvre in 1819, and 
to which report allusion has already been made in this Chapter, 
attention is drawn to a curious process, whereby a porcelain 
manufacturer was enabled, on being fiimished with an en- 
graved copper-plate, to produce impressions on any scale that 
might be required, whether larger or smaller than the original 
For this purpose no second plate of copper was needed ; and 
the enlarged or diminislied copies might be furnished in the 
course of a ver^ few hours. It is to be regretted that no de- 
scription was given of the means employed for efTectinjg this 
cunous process; but the Committee, who personally witness- 
ed its execution, expressed themselves perfectly satisfied as to 
its efficiency, and awarded an honorary gold medal to the in- 
ventor.* 



CHAP. vn. 

ON THE MAmJFACTURB OF TOBACCO PIPES. 

This Manufacture prosecuted to a great extent.— Description of Material.-' 
Boiling.— Boring.— Moulding.— Polishing.— Baking.— Description of Kilo 
— Of Crucibles.— Manufacture in Holland.— Originally conveyed there 
from England. 

The numufacture of tobacco pipes forms a branch of the 
potter's art, which has acquired considerable importance from 
the extent to which it is prosecuted ; and it is at the same time 
interesting from the nature of the processes employed. A short 
account of these will, therefore, not be thought misplaced in 
this treatise. 

The cl^ chiefly employed fi>r the purpose is found in the 
island of rurbeck, in Dorsetshire, and is preferred on account 
of its extreme whitenesa Previously to being used, it must 
be diligently purified fix)m all extraneous matters. The means 
employed v>r this latter purpose, being the same as have al- 
ready been described, their recital may be omitted here. 

When the purification is accomplished, and the clay has been 
formed into cubical masses, weighing each &om eighty to one 
hundred pounds, the workman fi^m time to time cuts off* small 
portions, each sufficient to form one pipe, and, first kneading 
them thoroughly upon a table, rolls them out to nearhr the 
form and size of pipes, leaving a bulb at the end for the forma- 
tion of the bowl. In this operation, the skill of the man is 
made apparent by the near approach which this roU makes to 
the dimensions actually required. Persons who have had a 
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competent e x perience will aocceed in this reepeoC to sneh a 
point SB completely to fill, the mould, to which the roUs mwfc 
afterwaide be tranflferred, leaving bat little Borpliu day to clip 
away. 



When the roUs have been fbrmed for a diort time, and by 
that means have become sofficiently hardened, the workman 
proceeds to bore the stem by introducing an iron needle. This 
part of the manufiicture calls for a great deal of address, and 



ean only be satisbctorfly accomplished after long practice. In 
performing it, the roll is taken between two fingers, which fol- 
low tiie point of the needle in its course thrmifffa the whole 
length of the stem. Near to its point the needle has a circular 
enlargement, the progress of which may be felt through the 
substuice of the clay ; and thus the execution of the task is 
somewhat fiicilitatedL The bore must be made as exactly as 
possible in the axis of the stem ; and, in forming it, the needle 
must be pushed forward by means of its wooden handle, with 
a gentle and eauable pressure. The part which is to form the 
brad or bowl or the pipe is tiien bent so as to give it the proper 
inclination. 

The mould, into which the stem is next placed, is of copper, 
and divided into two similar parts. On being put to use, the 

Fig. 7. 




whole interior surface of both sections must be slightly touched 
with a brush containing wxne very limpid oil, mat the stem 
may be afterwards delivered from it without difficulty. The 
roll of clay being placed in one section, the other is fitted to it 
according to marks previously made, so as to insure the perfect 
correspondence of the two parts. The mould is then subject- 
ed to the action of a small iron press, in which the two parts 
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are fineed together by means ci nuts and eorews; and hy this 
means its exterior form, with all its ornaments, is at once given 
to the pipe. 

The head or bowl has yet to be fashioned. This is in part 
effected by the finre-finger, and more perfectly thereafter by 
means of a stamp or form attached to the mould, and which by 
the action of a lever is introduced within the hoUow which the 
finger has made fear the purpose. The bore of the stem is then 
continued into the bowl, by pushing the needle up to its handle ; 
any excessive quantity of clay that may have been used is next 
cut away, and the pipe is smoothed by means of an iron or cop- 
per blade. 

The pipes as they are formed are spread out and arranged 
upon a board, that they may be still Airther dried ; and when 
they have acquired a certain consistence, any rooghnesses that 
may appear upon the bowl are rubbed away with an appropri- 
ate horn instrument, which is provided witn a groove, of which 
the workman avails himself to perfect the circular fivm and to 
smooth the edge of the bowL 

After this the pipes are placed a second time in the mouldi^ 
that any imperfections which they have acquired in their shape 
may be remedied ; and they are then left until sufficiently haid- 
ened to receive the last polish, which is ^ven by rubbing them 
with flints bored with holes, some of which are of the same di- 
ameter as the stem, while others will admit the hetA c£ the 
pipe. If it should then appear necessary, the workman retouch- 
es the different ornaments on the pipe with a kind of bodkin, 
and the needle is withdrawn from the stem. 

These various operations, wMch bear an appearance of com- 
plexity in the narration, are jet so easy of^ accomplishment, 
that a clever moulder will furmsh 3500 pipes in a week. 

The kiln used for baking the pipes is cylindrical ; having a 
circular fireplace at its bottom. With me exception (^ uie 
spaces required for the circulation of heated air, the interior 
of the kiln is occupied by crucibles, wherein the pipes are 
placed. These crucibles, which are made very thin, are com- 
posed of the same clay as the pipes, and are strengthened by 
the insertion of broken pipe-slfems. The bottoms are firamed 
of these stems, radiating towards the centre, and having the 
interstices plastered with pipe clay. The top of each is dome- 
shaped ; and a pillar of clay is pkced in the centre through the 
whole altitude, which serves at once to strengthen the cruciUe, 
and to support the stems of the pipes. The side of the cruci- 
ble is provided with six horizontol ledges, proceeding at equal 
distances all round, and upon these the bowls of the pipes are 
arranged, while the stems are made to lean against the centnl 



-^^ 
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pHlu. The cniciUe is capable of cmtttiiiing in tfaeee nx di- 
lifdoDB fifty grom of pipes ; and, if the heat of the furnace is 

proper]; managed, theee will be sufficieutl; baked in seven oi 
eight bouTS. 



The property poeseeeed by tobacco pipes cf adhedvenen to 
Uie tongue, is owine to the great affinity which the clay baa 
ki water: this quality is mwih increased by the baking pro- 

Tbe mann&cture of tobacco pipes ie prosecuted to a very 

cMuideiable extent in Holland, whence lajKe quantities have 
longbeen exported annually. For the intnSuction of this art 
the Dutch are indebted to uiis country ; in proof of which aa- 
Bertioti, Mr. HoUis, who passed through the Netherlands in 
1T46, mentions that, having visited very extensive pipe-works 
at Gouda, he was infcnned by the master of it, tlit even lo 
thai day their principal workii^ tools bore English names. 
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CHAP. vra. 

oil THE FOBCIKLAIR VAHITFACrrURE OF CHINA. 

OlMMurity wherein its Origin it shrouded — Chiefly practised at Kiof-te- 
Cbing.— Supposed Superiority of Old China Ware.— Materials employed. 
— Kao-lin—Pe-tun-tse— Their Preparation. — Oils or Varnishes— Their 
Composition.— Hao-ehe — ^Its Superiority to Kao-lin.- Analyiris of Kao- 
lin.— Extent of Factories at King-te-Ching.— Oreat fiktmber of Workmen 
employed.— Preparation of Materials.— Method of fhshioning Utensils.— 
Moulos.- Division of Labor. — ^Deficiency of Chinese in the Art of Design. 
— Their Excellent Colors. — ^Numerous Hands employed in Decorating each 
Piece.— Bad Effect of this System.- Blue long the only Color used for 
Painting China Wafe.— Mode of Preparing various Colors. — Chinese ig- 
norant of Chemical Science.— Umiam.—Traa-tchi.-Kia-tsing— Method 
of forming it.— Chinese Furnaces. — Passion for Old Porcelain. — Ku-tong. 
—Mock Antiquities.- Reasons for Costliness of China Ware in Europe. 
—High Prices formerly paid in China.— Finest Specimens not brought to 
Europe.— Porcelain Tower at Nan -king.— Chinese Potters prepare Mate- 
rials for the Use of their Descendants.— Common Wares made in China. 
—Attempt of the Emperor to transfer the ManuActure to Pekin.— His 
Want of Success. 

No saccesB has attended any eWstta that have heen made to 
discover the caeipn of the art of makin^f porcelam in China, 
and the date of its invention remains veikd in ohecurity. The 
most that is known on this head is jsfathered from the written 
annals of Feoa-leang^, a city helonging to the same district of 
the empire as Eing^te-ching, wherein#it is recorded that, fiom 
the time answering to the year 442 of the Christian era, the 
lasUmentioned place has enjoyed the honor of supplying the 
imperial court with porcelain, and that one or two man&rins 
have usually heen deputed from Pekin to inspect this part of 
the workman's lahors. The invention of tiie art would assured- 
ly date from a much earlier period than that here mentioned; 
as it would he long ere the manufacture arrived at such a state 
of perfection as to render it an object of interest to the court 

It is a very common opinion in Chma, that the porcehin 
ware made by their ancestors was superior in quality to any 
more recently manufiictured. This belief is grounded on the 
fact, that pieces of porcelain are frequently dug from the earth, 
which are uni&rmly found to be of the very finest description. 
It has been remarked, that this fact is not by any means con- 
clusive evidence upon the subject; the buried pieces were 
most probably oonceEiled, during periods of civil commotion, on 
account of tneir value, and in order to preserve them for their 
owners, who were without an equal inducement to bury arti- 
cles of more common use. An opinion likewise prevails, and 
is supported by reference to ihfi same fitct, that the quality of 
porceliun vessels is improved in beauty by a lengthened burying 
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in the earth ; and the same answer has been applied to this as 
to the firstrHientioned assertion. ^ 

The Chinese empk^ in the composition of their porcelain 
two kinds of earths, and two oils or varnishes. Of the earths 
one, which is called kao-lin, is found intermixed with particles 
of a shining substance resembling mica ; the other is known 
by the name of pe-tun-tse, and is of a hnlliant white, exceed- 
ingly fbe in its gram, and soft to the touch. Both these de- 
scriptions of ear& are found in mines or quarries situated be- 
tween twenty and thirty leagues from Kin^-te-ching, to which 
place they are brought in an^ vessels, which are continually 
poasing up and down the river of Jao-tcheou fi>r that purpose. 
The luird blocks of pe-tun-tse are cut from the quariy in the 
fonn and about the size of our bricks, and are brought in this 
'State to £ang-te-ching. The first preparation which these lumps 
undergo, is that of breaking and pounding them coarsely with 
iron mallets, and afterwards more completely in mortars with 
pestles, wrouffht either bv the hand or by a water-wheel. By 
this means the blocks or pe-tun-tse are reduced to an almost 
inipalpaple powder, which is thrown into an urn-shaped vessel 
nearly filled with water, and then stirred briskly about, that tb^ 
porticles may be intimately mixed with the water. When this 
mixing has been e^cted, and the fluid has been left during a 
short tone to repose, a white creamy substance forms upon the 
Av&ce, to the depth of two or three mches: this, being 
skimmed ofi^ is tiwisferred to another vessel, supplied with 
dear water. The fluid remaining in the first vessel is then 
&gain stirred up ; another portion forms upon the sur&ce, which 
in its turn is removed, and added to the first skimming ; and 
this process is continued as long as any creamy substance can 
be collected finom the sur&ce. What remains in the urn-shaped 
vessel has not been sufficiently ground ; and, beii% collected 
from the bottom, must be agam submitted to the process of 
grinding. 

The skimmings are left to settle in the second vessel, until 
the a[^ portioQ has subsided to the bottom, leaving the super- 
natant water perfectly clear : this is then poured off; the sedi- 
ment is transferred to moulds, wherein it remains until nearly 
dry; and ttie cakes are then. taken out and cut into square 
pieces of the size most convenient for use. The pe-tun-tse is 
then in a fit state for combination witii kao-lin ; and the squares 
sre sold by the hundred to the porcelain makers. It is not often 
that the manufiicturer can venture upcxi using this material in 
the state wherein he bu^s it ; the m^i who have been pjrevi- 
ously emj^oyed in preparing the cakes, most generally mix m 
the squares as large a portion of foreign matter as they expect 
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will escape detection : a sepaiation of these previously to the 
employment of the earth becomes, therefore, needful. 

A similar process is followed in the preparation of kao-lin ; 
but this substance being much less hard than pe-tun-tse, less 
labor is required for its performance. 

The two substances described as oil or varnish are procured, 
one from a combination of pe-tun-tse with another mineral sub- 
stance, and the other from lime. In the preparation of the first 
of these, such stones are preferably selected as have the whitest 
appearance. These undergo the same processes of grinding 
and washing as have already been described ; except that the 
creamy substance, when it has subsided in the second vessel, 
is not all put into moulds, but only the upper and finer stratum 
is gathers for the preparation of this vami^ To each one 
hundred pounds of the substance thus separated one pound of a* 
mineral cdled she-loio, which is a kind of gypsum, is added. 
This stone, which resembles alum in its appearance, is first 
raised in a frirnace to a red heat ; and then reduced, by pound- 
ing and rubbing in a mortar, to a very fine powder ; in which 
state its union with the purified pe-tun-tse is effected, the con- 
sistence of the compound being perfectly fluid. 

The inreparation of what is called oil of lime, the fourth in- 
gredient required, is thus managed : — Lumps of quicklime are 
first sprinkled with water, and reduced to a powder ; upon this 
a bed oS dried fern is placed ; then another layer of lime, cov- 
ered again by fern ; and so on alternately, until the pile having 
reach^ a moderate height, fire is applied : and when the whole 
of the fern is consumed, the ashes are collected and strewn 
upon firesh beds of fern, which are again fired ; and this burn- 
ing process is repeated five, six, or more times successively, — 
it being held that the more frequently the ashes are burnt, the 
better is the quality of the product Some ancient Chinese 
annals afiinn that, instead of fern, the wood of a kind of medlar 
tree was anciently used ; and that the quality of the porcelain 
was in consequence more beautifiil. This wood is now become 
too scarce to be employed for the purpose. The lime and fern 
ashes are next thrown into a vessel containing fidr water, and 
she-kao is added in the same proportion as to 3ie creamy dilu- 
tion of pe-tun-tse. This she-kao dissolves ; and the solid matter 
being separated fix)m the water by subsidence, and removed in 
a tolerably fiuid state, forms what the Chmese manufactorers 
caU the oil of lime, to the agency of which they attribute all 
the lustrous appearance of their porcelain. Ume, when un- 
combmed, is iidiusible, except at a very intense degree of heat ; 
and the fern ashes thus added, are e8sential,*acting as a flux, 
and promoting the fission of the glaze in the fiimace. In mix- 
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iag tliefle two vajnuiies together, only one meunie of the oQ 
of lime is added to ten measures oi that of pe4mi48e, care be- 
ing taken that the consistence of both is equal llie oil of 
lime is easily, and to the seller profitaUy, adulterated bv the 
addition of water, combined with such a fiuther portion of db^ 
kao as preserves its proper degree of consistency. 

It is said that, since the time when D'Entreoolles communi- 
cated his observations on the porcelain manu&cture in China, 
the potters there have discovered a new species of mineral, 
which can be advantageously used in the preparation of porce- 
lain. This is a species of chalky stone, whicii bears some out- 
ward resemblance to soap, and is deckied to possess considera- 
hle medicinal virtuea It is called hao-che ; iad when used in- 
stead of kao-lin, the result is porcelain of very fine grain, ex- 
ceedingly li^ht, and much better qualified for receiving coiotB, 
but more brittle, and ftr dearer in its cost, than the commoner 
kind of ware, the price of hao-che being three times that paid 
for kao-lin. This new substance, when taken from the mine, 
undergoes the operation of a careful washing, to separate from 
it a kmd of yellow earth with which it is always found accom- 
panied : it is then pcwnded, and treated exactly in a similar 
manner to that described in the preparation of kao-lin. It is 
affirmed that hao-che, thus purified, is capable of being made 
into porcelain without any admixture. 

It is the kao-lin which, although much softer than the pe- 
tun-tse when taken from the ampryj gives strength and body to 
the porcelain ; and, consequently, this, or some substitute pos- 
sessmg the same quality, forms an indispensable inrndient in 
its composition. It is related that some Europeans, having pri- 
vately obtained some blocks of pe»tun-tse in China, and con- 
veyed them to their own country, vainly endeavored to convert 
them into porcelain ; which becoming known to some Chinese 
manufocturers, they deridingly remarked, ^ that certainly the 
Europeans must be a wcmderral people, to go about to make a 
body whose fleeJi was to sustain itself without bones.** 

Kao-lin is known, from the particles of mica which it con- 
tains, to have its origin in felspar, or graphic granite. It is in- 
frisible with the heat of a porcelain fiimace even in China, the 
degrree of which must be most tremendous, as some of the ma- 
terials employed in their glazes could not be vitrified at a lower 
temperature than would suffice to fiise Cornish granite. The 
kao-lm quarries of China agree with the mines of Alen^on and 
St Yrieux near Limc^es, where a similar earth is found-'-all 
of them having a super-stratum (^red, friable, micaceous rock^ 
of the texture of gneiss. The constituent ingredients of kao-lin 
are found to be— silica 52, alumina 42, oxide of iron 0.83. 
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The fiustories emplqjred at Kioff^e-chiiig for the porcdain 
mami&eture are of great extent They are walled roond, and 
contain sheds under which the pfocesses are carried on, as weU 
as dwellings for the workmen. The nomher of peo^e em- 
ployed in one of these iBictories is very great, as must appesr 
when it is considered that almo^ every piece ci porceku pro- 
duced, however small, passes tiuough more than sixty di£feient 
hands before it reaches a state of perfectness. . 

When the purification of the two earths has been conqpleted 
by the processes already described, the next operaticm is to anite 
them in the requisite proportions. The relative quantities of 
these materials depend upon the qualitjr which it is desbred to 
give to the porcelauL-^For the finest kind, the^ mix the kao- 
fin and pe-tun-tse in equal quantities, and diminish the prDpor- 
tion of me former according as coarser kinds of ware are re- 
quured ; but, for the very coarsest description8» the kao-lin never 
K>rms less than oae fourth of the mass. 

The most laborious part of the whole operations of the fiicto- 
ry, is that of intunately kneading and working the earths to- 
other, so as to foim of the two one hompseneous masa This 
IS performed in pits, which are paved and cemented, wherein 
the workmen continually trample upon the paste, hringing to- 
gether firesh portions by turning it over; and this work is con- 
tinued without intermission, one set of workmen relieving an- 
other at intervals, as each becomes fotigued by the labor j until 
the mass is thought to be tjt^oroughly mixed, and haa been 
brought to a consistence proper for toing moulded by the potter. 
The mixture is then removed fixim the pit; and being divided 
into small porticNis, is again kneaded with the hands upon laige 
slates provided for the purpose. Too much carefiil industry can 
hardly be exercised in this operatk>n« If the smallest diop of 
water or globule of air be left remaining in any portion of the 
mass, the article which contains that portk)n will ii^aJlibly be 
spoiled by the expansion of the fluid in the oven* The smallest 
grain of sand, or even a single hair, left in the paste, would be 
equally prejudicial, occasioning the porcelain to run, or crack, 
« warp in the baJrinif. 

The pieces are fitshioned by the Chinese workmen in a man- 
ner so similar to that adopted m our own potteries, that it would 
be useless to narrate the process. 

The moulds used in the potteries of China for forming pieces 
of multiform shape are made in several portions or divisionsy 
which are brought together when used. They are made of a 
yellow unctuous earth, which occurs abundantly m quarries near 
to King-te-ching; and its preparation by kneading and beating 
is very similar to that bestow^ on the porcelain earths. When 
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mdeand aaed with care, these moulds will last for a long time. 
The Chinese workmen are not content with the work as deliv- 
eied from the moulds, but unifonnly finish the article by the 
hand, using a variety of chisels and other tools to touch up the 
TanooB lines and fonns given by the mould, as well as to sup- 
ply its probable deficiencies; so that the potter executes, m 
some sort, the art of a sculptor. In works where different ob- 
jects appear in relievo, these are made separately, and added 
in the way oommonl^ used in our own potteries. 

It may give some idea of the number of hands employed in 
the peirecting of every piece of porcelain to state what D*£2n- 
trecolles has related to occur with the commonest description 
of tea-cup. The potter has the management of the wheel ; and 
under his bands the cup assumes its form, height, and diame- 
ter. It may be well imagined that this workoajBui does not be- 
slow much labor upon his task, when we are told that fi>r fiish- 
ioning twenty-six cups be receives a sum equivalent to about 
three fiirthhigB of our money : the cup, accordingly, is delivered 
by him in a very impei^t state to a second workman, who fits 
it to its base. From him it passes immediately to a third man, 
whoy by means of a mould, placed on a kind of lathe, corrects 
the imperfections of its sha[)e. A fourth man, by the aid of a 
chisel, corrects the inequalities and unevennesses of the edges, 
ud pares the cup to a substance which renders it sufficiency 
tran^xurent In the course of this operation he has frequently 
recourse to water, in order by moistening to prevent the crack- 
ing or breaking of the cup. A fifth workman then smooths the 
inside by tummg it gently on a mould. Considerable care is 
required in this stage to prevent any warping or the finrmation 
of aojr cavity in Uie cud. Other men then, according to the 
description of cup whicn it is intended to produce, add either 
the handle, or some ornaments in relievo, or make sunken im- 
pressioDa The operation that immediately precedes the first 
baking of the ciip, is that of rounding and hollowing the inside 
of its foot: this is performed with a chisel. 

By this division of labor, the work is found to proceed with 
greater regularity and rapidity. Incessant attention to one op- 
eration, and tot of a very simple kind, gives to each workman 
coDsiderahle dexterity and fiicility in its performance ; and no 
time is lost in the changing of implements, as must be the case 
if one man had to conduct the manu&cture through its several 
stages. 

Very large pieces of porcelain are made at King-te-ching. 
These are sometimes of such magnitude, that they must first 
be formed in two, three, or mor^ sections; each one of which 
requires to be supported during its formation by three, or more 
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men. When the different portions are eofficiently dir* they 
are united together with slip, in the same manner as handles 
are attached ; and the seams are smoothed and polished with an 
iron instrument, so that, upon their heins afterwards covered 
with varnish, it is not possible to discern £e points of junction. 

The celehrated traveller Marco Polo mentions the vast ex- 
tent to which the manu&ctore was carried at the time of his 
residence in the Celestial Empire, and states that eight porce- 
lain cups might then be purchased at the low price of a Vene* 
tian groat* 

Among the Chmese, the art of design has never advanced 
beyond the very first 8tep& These people appear ignorant of the 
commonest rules of perspective ; and their drawing, especially 
where attempts are made to describe the human figure, is 
wretched in the extreme. To make some amends ibr thk, the 
colors which they employ are exceedingly lively and briUiant, 
80 that European artists have found it a difficult task to vie with 
them in this respect In examining the painted porcelain of 
this singular people, one is almost led to imagine that their 
artists hKve been debarred the si^ht of the objects which they 
attempt to represent, as otherwise some amonfif them must 
surely have possessed sufficient innate taste to have led him 
from the general track, and instead of the miserable caricatures 
that disgrace their labors, to have made some approach towards 
the truth in his delineation of natural objects. 

The system of distributing the work among a great number 
of hands, which is found so successful m the formation of porce- 
lain, is also pursued in the painting department One artist 
forms only colored circles about me edges; another traces 
flowers, which a third paints ; a fourth delineates nothing bat 
mountains ; a fifth describes water.; a sixth traces the outlme of 
birds, which a seventh fills up with colora Other artists trace 
and color animals ; others again perform the same tasks with 
the human figure, and in this way every object of art and na- 
ture found upon their porcelain is the work of a particular 
artist, who does not attempt the delineation of any other sub- 
ject To this system, so useful in conducting every merely me- 
chanical operation, may possibly be owing the continued ad- 
herence to old and fiiulty methods. The celerity which it is 
calculated to produce is unfriendly to the improvements sug- 
ffested by genius; and if even one artist among the crowd 
Hiould be found with taste enough to aim at formmg and em- 
bodying juster conceptions, his approaches to nature would only 

* Manden*8 trandation, 4to edition, page 500. 



i 



mm 



CRAP. VXII. CHimBBB KSTHOD OF MAN^FAOTUIIE. 97 

serve to render more glaring the defi)niiitieB produced by his 
fellow-laborers, and would, therefore, be wholly inadmisBible. 

It is said, that for many ag^ the Chinese used only white 
porcelain. Tradition adds, that its whiteness was most bril- 
liant, that the pieces were altogether fiiultless, and that the 
only name by which they were known when exported to other 
kingdoms wa» that of '* the precious jewels of jao tcheou.*' 
Blue was the first color wherewith they ornamented pottery, 
but the employment of all other colors very speedilj roUowed 
upon the introduction of this one. At first, and K>r a long 
time, their blue color was prepared from a very fine kind o? 
lapis lazuli, which is native with them ; but they now import 
smalt from England, at a price so much below that which their 
own pigment had cost, that they have abandoned its manufiu> 
ture, and depend upon their foreign supply. The fine deep-blue 
sometimes found upon specimens of old Chinese porcehtin is 
much admired and valued \jiy virtuoHt and it is regretted that 
this color is not used at present It has been conjectured that 
the Chinese, who unquestionably possess cobalt, most probably 
employed its oxide also in the production of this esteemed blue 
color before they were enabled by their commerce with Euro- 
peans to substitute for it our cheaper pigment; that their 
method of preparing the ore of cobalt was such, that it retained 
the arsenic with which it is always found in combination, and 
that, consequently, its color proved much deeper and richer 
than the preparation made by us firom the same mineral. Our 
process being performed in a reverberatory furnace, the arsenic 
is driven pffin fiunea' There are some kinds of cobalt which 
are made to yield smalt without this previous roasting, and the 
superior color which in such case is always produced is attribu- 
ted to the presence of arsenic ; since if this mineral be added to 
smalt while in a state of fusion, the color will be rendered much 
deeper. The preparation of smalt ftoai cobalt without the aid 
of fire is more expensive and the produce less in quantity than 
where the common process is followed. The French manufiu;- 
^torers procure their smalt by disserving cobalt in nitric acid 
(the aqua fortis of commerce), and then precipitating ; and it 
might be well for our porcelain makers to try the efi^t of this 
method. 

The red color used by the Chinese is made from common 
green vitriol or copperas (proto-euliduite of iron), which goes 
with them by the name of tsa-fiin. This material they calcine 
in a crucible, continuing to apply fire for so long a time as 
thick black fiimes are seen to escape from a hole made in the 
top of the crucible ; but when thetse fumes are succeeded by a 
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tots SB a kind of M b^bind, and tlssows out Ihe %firer which 
before were obscured. So much caie&hiess is ^dled fer in 
tiie prodttctioD of kia-tsing, that the art is very seldom pnc- 



Another admired art among this people is that of prodacing 
the semblance of varioos figures upcxi pure white porcelain, 
whose sur&ces are yet entirely smooth. Having fiuahioned a 
vessel, with the finest materials and extremel)r tbm, it must be 
polished inside and out, when a stamp cot with the requisite 
figures in relief must be pressed upon the inner sui&oe c€ the 
unbaked vessel The finest white varnish must next bej|y>i^ied 
over its entire sur&ces, so that the cavities inrpressed -by the 
stamp are filled by it, and the smoothness of the inner ser&ce 
is restored* When the ware is baked, the varying thicknesses 
of the more opaque varnish will be apparent through the tnms- 
parent sides of ue cup, atid the whole of the figures wili th«i 
be seen as finely and accurately traced as if painted on the out- 
Bide. 

The metiKNls employed by the mam^icturers of £jo^-te- 
dung in applying the varnish, vary with the different qualities 
of the warea under operation. For very fine and thin porce- 
lain two exceedingly thin coatings are very caiefiiUy applied, 
and sDme dexterity is required, both with regard to the quantity 
laid on, and the equable manner of its appheation. To pieces 
of inferior quality, as uMieh varnish is applied in one coating 
aa is coo^nised in the two kyers just mentionied* Tlie foot or 
tile vessel is never properly fenned until this staspe ef the 
manufiictnre, and after the painting and vamiedung haare been 
oompleted, when this part is Pushed on the wheel, and var- 
nished likewise. The work is then fit to be placed m the oven. 

The construction of fiirnaces and the system ftUowed in 
bakkig porcelain in China difl^ so Httle firom the structure and 
methol {Nusued in England, that little need be said here con- 
oemii^ them. It has alread v been mentioned that the nature 
(^ the materials employed calk hr a much higher deme ci 
heat than is necessary m our potteries To insure this, the 
Chinese are yety careful in providing a rapid ^auffht, and in 
the incessant feeding of then* furnaces with snudl hOlets of 
wood, so as to insure its most rapid combnsti<»L The learned 
Jesttit lyEntrecoUes observes, as a thing quite unacoountable, 
and even inconceivable, if he had not witnessed the &ct, that 
notwithstan d ing the enormous cansumption of wood during so 
many hours, none of its ashes are ever found upon the h«iith 
of the oven. There would have been greater reason for aston- 
isilMpent had the contrary fact appeared. The rt^id drai^t 
eickod by the disposition of the oven, and tiie exoeasive degree 
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of its temperature, wcmld serve to cany away completely 
through the flue so light a suliBtance as wood ajshea 

The taste for old porcelain appears to prevail folly as much 
in China as it has ever done in this country. It is asserted by 
some persons, that such as was made in former days was not 
only oamposed of finer materials, but was more perfect in tiie 
mode of its manufacture. Unfortunately for this assertion, 
there are workmen at King-te-ching, who make it their occu- 
pation to counterfeit these much-coveted relics of antiquity, 
which are called kurtong, and in this they succeed so as to de- 
ceive ttos most observant connoisseurs. |n the preparation of 
these mock antiques there is but little variation from the meth- 
ods usually practised. They are made thicker than modem 
porcelain, and are made to undergo the ceremony of burial for 
one or two months in the most lothesome sink of filth which 
can be found, by which means every appearance of newness is 
effiiced. 

Several reasons are assigned for the high price at which 
Chinese porcelain is sold in Europe: One of Siese is, that owing 
to their very unscientific manner of conducting the baking 
process, it rarely happens that some, and sometimes a very con- 
siderable portion, is not spoilt by unequal or excessive heat, and 
converted to a deformed and shapeless mass. Another reason 
for deamesB is, the constantlv diminishing supply of the mate- 
rials used, and more especially of fuel, which becomes very ex- 
pensive. It is added, that as those pieces which are prepared 
for the markets of Europe, are of patterns unacceptable to the 
taste of home consumers, and as the factors are exceedingly 
particular in rejecting everv article which exhibits the slightest 
defect either in form or color, the prices paid to the manufac- 
turers for such as are accepted must be sufficiently high to in- 
clude the cost c^ those wMch aire rejected. Notwithstanding 
these circumstances, the jnrices at which porcelam is now fur- 
nished in China are materially less than those demanded in an- 
cient times^ when, we are informed, as much as 100 crowns 
were given finr a single urn at the seat of manufiicture. The 
emperor monopolizes the finest specimens of porcelain manu- 
fiictured in his dominions, and it luis thence been asserted, that 
none which has ever found its way to Europe fives an adequate 
idea of the perfection to which the Chinese nave attained in 
this manufiicture. The Porcelain Tower erected at Nan-king 
ofiers proof sufficient of the very durable nature of their manu- 
facture. This building is of an octagonal diape, is of nine sto- 
ries, and very nearly 300 feet high, and its entire surfiice is co- 
vered with porcelain of the finest quality. Although this sin- 
gular and beautifid edifice has been erected more than 400 

12 



102 ' POBCBLAIN HANUFACTURIS. OBAP. vni. 

]r6ar8»'it has hitherto withstood all the4ilteniatioi» of masmt 
and every variety oi weather, without exhibiting tibe emallest 
d^ptom of deterioratioiL 

The intimate mixture of the two earthy materials meeeso- 
tial to the production of good porcelain is much more perfectly 
attained, i£, after the employment of the mechanical means al- 
ready described, the united mass be left for ft considerable time 
before its ett^oyment The Chinese frequently extend this 
interval to a space of fifteen or twenty years ; and instances are 
not uncommon, where the provident care of a parent leads him 
to prepare as much porcelain clay as will suffice for his sod's 
use, during the whole period of his life. 

The Chinese excel in the manufacture of broWn earthen- 
vrare, which being sold at a very low price, is used comoionly 
throughout the empire. Porous vessels ibr cooling water are 
also made by them of fuller's earth, which is principally com- 
posed of alumine and very pure silex, in combinatien with oxide 
tjif iron. The name by which porcelain is distinguished in this, 
the country o£ its earliest production^is' t8e4d. 

An attempt was once made by the ^poveraiment to remove the 
seat of manu&cture to the imperial city of Pekin. 1%i% how- 
ever, although no eSoTt was spared in the business^ proved mi- 
successful, and the sole proseeution of the art reverted to King- 
te-cbing, where, according to the statement of diOfereoft travd- 
lers, there are established 500 &ctories> givii^ employment to 
more than a million of artisans. There appears no good leaaon 
for believing that the manu&cture would not ha^e beea prose- 
cuted with equal success at Pekin, if those who duected it had 
been so disposed ; and the different result whkh has beeo re- 
corded is supposed to have arisen from the dJsincliiwtiaa d tie 
manu&cturers to be broiight so closely vdthin the eontnl of a 
government supereminently j&med for meddlmg wi^- fte pri- 
vate concerns of its subjects. 
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CHAPTER I. 

ON THE HATURK AMD FB0FB8TIE8 OP GLASi^ AMD THK BDflh 
TORT OF rra MAHUFACTimX. 

Natare of Olatss.— Its varioai Properties.— Its Utility.— The Assiatanee it 
lends to Scionce.'-Exceasive Prices formerly paid.— Origin of its Tinyl^4^ 
Name. — Aristotle's Problems.— First Invention ascribed to the PhcBni- 
cians.— Manufactories of Alexandria.— Utensils found in Herculaneum. 
—Malleable Glass.— Tax on Glass by Alexander Severus.— Portland Vase. 
—Glass employed in forming Windows.— Privileges granted to Manufiie* 
turersin France.— Plate-GlassCastiiu:.— Establishment at St.Gobain.- Its 
early Failure, and Revival.— Manufacture commenced in England.-^f 
Flint Glass.— Of Plate Glass.— Chinese unacquainted with GlaM^makiag. 
—Importance of the Manufacture in England.— Glass made a BOhfce of 
Reveaae. 

Many ciicumstaoces contribute to render glass one of the 
most carious and interesting of manufiictured substances. 

Altiiougk perfectly transparent itself, not (me of the mate* 
rials of which it is made partakes of that <)uality. Exceedingly 
britUe white cold, k becomes^ by the appbcation of heat, so re- . 
markaUy flexible and tenacious as to be convertible into every 
form that &ncy ma^ dictate or convenience suggest Its greal 
ductility is ^own m a very striking manner by the lender 
filaments-Hnnall as the fibres of &ft)ider's web-— into which it is 
spun for oroamental purpoeea Many hundred feet of these 
filaments may be drawn out from a heated mass in the spmse 
of one miliute. Its pliancy and elasticity are proved by the 
fiicility with which, when in the state just ot^ntiooed, it may 
be bent and retained in various forms, and by the energy 
wherewith its original shape is resumed at the moment of re^ 
lease fimra its constramed position. 

The im{>ermeability of glass to water, eyea under a consid- 
erable de^?ee o£ pressure, is well ascertained. A few years 
ago, the reverend Mr. CampbeU, while on a voyage to South- 
em Africa, amoi^ other philosophioal expenments wherewith 
he amused himseS^ caused two globular glass bottles hermet- 
ically sealed to be lowered by means of l^en weights to the 
depth of 1200 feet ben«ith the surface of the sea. These, 



t 



106 MANUFA€?rUBB OF 0LA88. ~ CHAP. I. 

through the united and continuous exertions of ten men daring 
fifteen minutes, were again drawn up, and were found to be 
perfectly empty. 

The continued exposure of glass to the ^eatest heat where- 
by it is melted, does not produce any sensible diminution in its 
weight and quantity, or any alteration of its propertie& It is 
capable of receiving colors, and of retaining them in all their 
lustre for an indefinite period. The stron^st acids — ^witfa one 
exception that will be noticed — ^have no enect upon it ; a cir- 
cumstance tluit renders glass additionally useful in assisting 
the researches of chemists. It is capable of receiving the 
most perfect polish, preserves all its beauty, and does not lose 
the smallest portion of its substance by the longest and most 
frequent use. 

The admirable qualities and important uses of glass have 
been so happily pointed out by one of the most celebrated 
writers of the last century, that no apology will be needed fer 
the insertion of the passage. 

** Who^ when he saw the first sand or ashes by a casual in- 
tenseness of heat melted into a metallme form, rugged with 
excrescences, and clouded with impurities, would have im- 
agined that in this shapeless lump lay concealed so many con- 
veniences of life as would in time constitute a great part of the 
happiness of the world ? Yet by some such fortuitous liquefiic- 
tion was mankind taught to procure a body at once in a high 
degree solid and transparent, which might admit the light of 
the sun, and exclude the violence of the wind ; which might 
extend the sight of the philosopher to new ranges of ezistence, 
and charm him at one tune with the unbound^ extent of the 
material creation, and at another with the endless subordina- 
tion of animal life ; and what is yet of more importance, might 
supply the decays of nature, and succor old age with subsidiBry 
si^ht Thus was the first artificer in glass employed, though 
without his own knowledge or expectation. He was fiicilitat- 
ing and prolonging the enjoyment of light, enlarging the ave- 
nues of science, and conferring the highest and most lasting 
pleasures; he was enabling the student to contemplate nature, 
and the beauty to behold herself." '" 

The utility of a substance which is daily and hourly roidered 
serviceable by all classes of persons in almost every human 
habitation cannot need to be exemplified. The aids which it 
offers to scientific researches are almost equally appar«[it To 
notice the particular arrangements whereby the chemist, the 
naturalist, or the astronomer avails himself of some of the va- 

* Bambler, No. ix. 
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rious properties of glass in pursuing his investi^aticHis^ would 
lead to deschptions which, although interesting in a high de- 
gree, are foreign to the object of this treatise, wherein litde 
more than incidental notices can be given, on points that have 
relation to improvements in the manu&cture. 

It may be useful, however, to notice here an error, not un- 
irequently made, from observmg glass to be the ooily tnuspa- 
rent material used in making spectacles, opera glasses, and 
other optical instruments. Persons are induced, mm this cir- 
cumstance, to ascribe to the peculiar quality of glass the ex- 
clusive power of modifying the apparent magnitude, brightnesB, 
and distinctness, of objects seen through it This, however, is 
not an exclusive proi)erty of gloss, but belongs to everv trans- 
parent substance having a density different from that of the air 
which surrounds the oteerver. It depends also, not alone on 
the inherent qualities and density of the transparent substance 
through which the objects are viewed, but also on the form of 
the sur&ces which bound that substance, and on various other 
circumstances not necessary to be noticed more particularly 
here. The reader will, therefore, recollect, that the opticu 
properties of glass are common to liie diamond and other trans- 
parent solids, to all transparent liquids, and even to gasea 
Glass is commonly used on account of its cheapness and dura^ 
bility, and for other reasons of convenience. 

It is* impossible, however, whoUjr to dismiss this subject un- 
accompanied by expressions of admiration at the genius of those 
master spirits, who, by their discoveries and inventions, have 
rendered glass subservient to purposes that open and enlarge 
the field of human knowledge in some of those branches of nat- 
ural philosophy which tend most to refine the nature and exalt 
the character of man. 

Familiarized as we are to the use and appearance of glass, 
yet no person can ever become indifferent to its advantages, or 
insensible to its beauty. Neither can we feel astonishment at 
the admiration which induced the ancients, while the art of 
making it was little practised, and in those countries where it 
was not yet established, so greatly to covet the possession of 
glass vessels as to purchase them at prices which to us appear 
exorbitant We are told that the emperor Nero gave for two 
cups with handles 6000 sestertia, a sum nearly equal to 
50,00Oi. of our money. These vessels were not of any extras 
ordinary size, but were thus highly valued on account of their 
perfect transparence, and resemblance to crystal. 

The name whereby this material is known to us is generally 
said to be derived from the Latin, and to have been suggested 
by its great similarity in appearance to ice (jglaciet.) It has 
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mission of his sentence and a reward for his invention. This 
discovery not agreeing, however, with the supposed interests 
of the tyrant, who feared lest the value of gold might be low- 
ered by its means, the architect was beheaded, and his secret 
died with him. This is, probably, only another version of the 
story related by Pliny, of the same important discovery having 
been made by an artist in Rome, when such of the populace as 
imagined that their interests would be injuriously affected 
thereby conspired together and destroyed his dwelling. 

A similar discovery, attended by results as unsatisfiictary, and 

^wbich is said to have occurred in France in the more modem 

'times of Louis Xni., is recorded by Blancourt He says, that 

the inventor having presented a bust formed of malleable glass 

to the cardinal Richelieu, was rewarded for his ingenuity by 

perpetual imprisonment, lest the ^ vested interests" of French 

'glass manu&cturers might be injured by the discovery. 

Without venturing altogether to deny the truth of these sto- 
ries, it would be hard to subject to the charge of presumption 
those persons who entertain doubts upon the matter. It does 
not, certainly, prove the incorrectness of the statements, that 
no subsequent e)auniner into the arcana of nature has been 
equally fortunate ; and it is assuredly possible that some suc- 
cessful investigator may yet be the means of revealing that 
which has already been tims ascribed to more than one experi- 
menter. 

Improbable as the achievement of this would seem, it woald 
be scarcely more extraordinary than the transformation of linen 
rags into sugar, or the conversion of saw-dust into ^' wholesome, 
paktable, and nutritious food." The purposes both of use and 
of ornament to which glass would in such a case be applied 
are almost endless, and their importance can hardly be over- 
rated ; nor should we in these days have occasion to foar, lest 
the insensate obstructions of some modem Tiberius or Riche- 
lieu should step between the discoverer and the promulgatioQ 
of his secret 

According to our present amount of knowledge, the chance 
of realizing such a discovery is, however, limited within the 
barest possibility. The quality of malleability is in direct coo- 
tradiotion to that of vitrification ; the existence of the one state 
seems to be incompatible with that of the other. Some me- 
tallic substances when greatly urged by fire are made to ap- 
proach towards the state of glass, and then lose their mallea- 
l^ity ; a &ct which almost implies the impossibility of impart- 
ing the latter property to glass. Eunkel has indeed observed, 
that it is possible to produce a composition having an external 
glassy appearance, which should be pliant and capable of being 
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wrought under the haimneT ; and Neumann tells us, that in the 
iiision of muriate of silver a ductile kind of glass is formed, 
which may be moulded or turned into different figures, and 
which ma^ be pronounced in some measure malleable ; fiicts 
to which Henckel luis referred in order to account for the tra- 
ditioDory stories of the ancient& > 

The Latin writers of the Augustan age make freauent men- 
tion of glass. Virgil compares to it the clearness or tHe water 
in the Fucine Lake (Mcl vii. 759.) ; and Horace speaks of the 
lustre and transparency of glass in a way which aiows that it 
could then be made with a considerable degree of perfection. 
In the year 220 a tax was laid by Alexander Severus upon the 
glass manu&cturers of Rome, who at this time existed m such 
numbers, that a principal quarter was assigned to them in that 
city, wherein they might carry on their processes. This tax 
was still levied in the reign of Aurelian. 

The most celebrated specimen of antique glass is the vase, 
which during more than two centuries ornamented the Barber- 
ina palace, and which, having been subsequently purchased by 
the late duchess of Portland, is better known m this country 
as the Portland vase. This much-admired production was found 
about the middle of the sixteenth centu^, inclosed in a mar- 
ble sarcophagus, and deposited in the tomb of Alexander Seve- 
rus, who died in the year 235. The body of this vase, which 
for a long time was erroneously supposed to be formed of por- 
celain, is made of deep blue glass, and is ornamented with 
white opaque figures m bas-relief which are designed and 
sculptured in the style of cameos with a degree of skill which 
is truly admirable. 

Glass melted and cast into plates. Is said by St Jerome to 
have been used in his time (a. d. 422,) to form windows. About 
a century later, Paulus Silentiarius mentions the windows of 
Ae church of St Sophia at Constantinople which were covered 
with glass ; and from this period frequent allusions to the simi- 
lar use of glass are met with in various authors. 

Long before the establishment of the manu&cture within 
this island, glass was known and used hi England. The Vene- 
tians who traded with this country in very remote times fur- 
nished this among other articles ojr commerce in exchange for 
tin. Tlie erudite Pennant is of opinion, that glass-makmg in 
Britain dates prior to the Roman invasion. The Druids were 
accustomed to impose upon their more ignorant followers by 
means of clumsily-formed beads of colored glass, which they 
pretended were dodued with the quality of guarding their pos- 
iessors fVom evil 

The venerable Bede, who lived very near the time, and who 
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therefore had good opportunities for aacertaining the &ct, has 
asserted in his history of Weremouth, that in the year 674 the 
abbot Benedict sent for artists from beyond seas to glaze the 
windows of the church and monastery of Weremouth in Dur- 
ham, and that these men were our first instructors in the art 
of making window-glass. This art, liowever, took root but 
slowly among us; and it was not until the eleventh cental^ 
tiiat glass windows were at all commonly used, either in pri- 
vate dwellings or in public and religious edifices. Previously 
to this time, light was imperfectly transmitted through linen 
cloths or wooden lattices. The houses of the commoner people 
were not, indeed, furnished with this luxury until the thirteenth 
and fourteenth centuries, in which respect our ancestors were 
greatly behmd the inhabitants of Italy and France. 

The following curious entry^ extracted from the Northum- 
berland household book, makes it apparent that at a much later 
period than the one just mentioned, the comfort of glazed win- 
dows was not considered as a matter of course even in estab' 
lishments where great state and magnificence were maintained. 
This entry occurs in the minutes of a survey of Ahiwick Cas- 
tle made m the year 1567 : — 

*' And because throwe extream windes the glasses of the 
windowes. of this and other my lords castels and houses here in 
the country dooth decay and waste, yt were cood the whole 
leightes .of everie windowe at the departure m his brdshippe 
from lyinge at anie of his sade castels and houses, and downng 
the time of his lordshippes absence or others lyinge in them 
were taken doune and hide up in safetie ; and at eooch tyme ts 
ether his lordshippe or anie other sholde lye at anie of tn« ade 
places, the same might then be set uppe of newe with smale 
charges to his loid^ippe; whereas now the decave thereof 
shall be verie costlie and chargeable to be repajrred. ' 

We learn also from Ray's Itinerary (p. 187), that **in Scot- 
land, as late as 1661, the windows of the ordinary country 
houses were not glazed, and only the upper parts of those or 
even the king's palaces liad glass, the lower ones having of^y 
two Wooden shutters to open at pleasure and admit the firesh air.** 

When desirous in former times of giving encourag^nent to 
some important manufactures, the government of France was 
induced to declare their prosecution to be nowise incompatible 
with the dignity of aristocratic blood. Early in the fouiteenth 
century that government made a concession in &vor of glass- 
makmg greaQy beyond this point, decreeing, not only that do 
derogation from nobility should follow the practice of the art, 
but 5iBi none save gentlemen, or the sons of noblemen, should 
venture to engage in any of its branches, even as working u- 
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tisans. 1%is restrictkHi was accompanied by the grant of a royal 
charter of incorporation conveying various important privil^es, 
under mrhich the occupation became eventually a source of 
great wealth to several &milies of distinction, whose descend- 
ants have at times attained to some of the highest dignities of 
the state. 

The good policy is apparent of thus holding forth induce- 
ments to the only parties then qualified by the possession of 
capital, and probably also by theur intelligence, to establish 
works upon a scale that could lead either to national advantage 
or indivMlual profit A middle class of persons, springing firom 
the lower orders, have since gradually placed themselves at 
least upon a level in point of intelligence with those of more 
illustrious descent ; and by the exercise of that intelligence, 
conjointly with prudence, have acquired the means for under- 
takui£^ works of magnitude. This altered state of society 
would render such exclusive privileges not merely unnecessary, 
but would make them absolutely pemicioua 

Notwithstanding the marked encouragement just related on 
the part of the French government, some time elapsed before 
the manufiictures of France could rival those of Italy. Venice, 
in particular, long excelled in the quality of its mirrors and 
drinkinff-glasses, with which the manufacturers of that ci^ 
supplied Sie rest of Europe. The most considerable of theur 
glass-houses were established at Murano, a village situated a 
short distance fix)m the city. 

During the ministry of the celebrated Colbert, some French 
artists, who while residing in the Venetian state had acquured 
a knowledge of the processes used at Murano for the making 
of plate glass, returned to France in the hope of profitably pur- 
suing the manufacture in their native country. Such an event 
felling in with the views of Monsieur Colbert, who was anxious 
by every means to extend the useful arts within the kingdom, 
these artists were in tiie year 1665 established with privileges 
at TourlaviUe near Cherbourg, and an advance of money was 
made to them fiY>m the public ccffera to assist in the formation 
of their establishment. The plates made b^ this company were 
blown, after the svstem used in the Venetian manufactories. 

It was not until 1688 that the beautiful art of casting plates 
of glass was invent^ by a manufacturer named Thevart, who^ 
obtaining a patent hr the invention to continue in force during 
thirty years, established a company and erected wOrks in Ptaris, 
where plates were cast of the then extraordinary dimensions 
of eighty-four inches long l^ fifty inches wide, a size which 
excited universal astonishment and admiration. The expense 
of conducting such a manufactory in the metropolis was, how- 
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ever, eo ^reat, that the establishment was transferred to St 
Gobain in Picardy, where the undertaking wafl prosecuted, not I 
without considerable opposition from the more ancient aset 

ciation. 

To accommodate tlie disputes between these rival establish- 
ments, Thevart*8 company was bound not to cast any plates 
whose dimensions should be less than sixty inches in length 
and fi>rty inches in breadth. The largest piece that had then 
been produced by blowing did not exceed fifty inches in its 
largest dimension. This arrangement fidled to produce har- 
mony between the ji^ils ; but in 1695 that end was effectually 
answered by uniting both companies under the same charter — 
not however, as the issue proved, to their mutual advantage ; 
-•—for, possibly owing to the want of the salutary spur of com- 
petition, the company declined in prosperity with such rapidity, 
that in two years from the junction the united body was in a 
state of insolvency, oblififed to discharge most of its vforkmen, 
and to abandon many of its fumace& 

No bUune can be charged upon the French government for 
the protection and privileges afS)rded to these companies. It 
is probable that without some immunities neither of the estab- 
lishments could at that early period have been undertaken. 
The mstances however are rare, and the circumstances whereby 
they have been attended peculiar, in which joint-etock trading 
companies have been prosecuted to advantage. The causes cf 
this fact are not difficult of explanation. It is seldom that the 
personal interest of those to whom the particular management 
IS intrusted is sufficiently strong to insure the requisite amount 
of attention, or the proper degree of pecuniary watchfulness, 
if even the still more unfavomhle condition does not arise 
wherein private advantage is opposed to the general prosper- 
ity, and it is sought to conduct the operations rather with a 
view to individualprofit than to the common advantage. 

In the Mowing year a new association was formed out of 
the ruins of the old company,- under the management of An- 
toine d'Agincourt, who re-engaged the discharged workmen, 
and by the prudence o£ his arrangements conducted the affiiin 
with considerable profit to the adventurera 

Blancourt, in his ** Art de la Verrerie,** relates aa the mode 
in which the casting of plates of ^lass was discovered, that a 
person who was melting some of this material in a crucible ac- 
cidentally spilt it while fluid upon the ground. The metal ran 
under one of the hiee flag-stones wherewith the place was 
paved, which obliged Uie workman to take up the stone in order 
to recover the ghss. He then found it in the form (^ a plate, 
such as could not be produced by the ordinary process of hk>w- 
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iog. The man's attention being roused by this fact, he Was un- 
able to sleep ; and conceiving at once the superiority of this 
method for forming mirrors, he immediately Cbmmencea exper* 
imenting ; and before the day appeared had proved the practi- 
cability of the impievement which the purest chance had thus 
placed within the sphere of his observation. This occurrence 
18 said to have arisen 200 years before it was related by Blan- 
coort, whose treatise is dated in 1696. It cannot therefore have 
aiiy reference to the then recent proposals and performance of 
Thevart 

The manu&cture of flint glass was first begun in England in 
the year 1557, at Savoy House in the Strand, and in^utched 
FriargL In 1635 Sir Robert Mansell obtained a monopoly for 
making this kind of glass, in consideration of his being the first 
person who employ^ pit-coal instead of wood in his furnacesi 
The art could not at this time have reached any great degree 
of perfection, as permiesion was further conveyed by the patent 
for importing drinking glasses of fine quality from Venice, and 
another half century elapsed before this country became inde- 
pendent of foreign supmy for such articles. 

The second diuie of Buckinjpham has the merit of much im* 
proving the mannfiicture of British glass by means of certain 
Venetian artists whom he brought to London in 1670. Three 
yeaiB later than this period, l£e first plates of English glass 
were made at Lambeth under the auspices of the same noble- 
man. The violence of party, spirit jwhicb-xharscterized diat 
age should l^dus to receive with caution all estimates of char- 
acter which we^T^ndTecorded by contemporary biographers. 
Although there was unquestionably much of vice and profiigacif 
in the general conduct of this fiivorite of a vicious and profli- 
gate master, we may yet hesitate to believe that the man who 
could apply himself to the study of letters, and who, in the 
manner above related, interested himself in promoting the use- 
fol arts of life, could at the same time be so utterly depraved 
both in mind and in heart as the page of history has repre- 
sented. 

The first English establishment of magnitude for the casting 
of plate glass was undertaken in 1773. A respectable body of 
gentlemen at that time obtained a royal charter of incorpora- 
tion, the privileges of which ware confirmed to them by act of 
parliament, under the style of ** The Grovemor and CJompeny 
of British Cast Plate Glass Manufiicturers;'' and having sub- 
scribed a capital or joint stock in eighty shares of five hundred 
pounds each, ccmstructed works of considerable extent at Ra- 
venhead, near Prescot, in Lancashire. This undertaking, the 
only one of the kmd existuig in this country, and rivalled by 
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none but that of St Gobain in France, is still prosecuted with 
success ; and some dftsGiiption of its operations will be ftund in 
a iuture chapter of this vohime. 

It is deserving of remark that the Chinese, whose early pro- 
ficiency in the sister art of manu&cturing porcelain was so 
long mirivalled in Europe, have yet no practioil knowledge of 
glass making, and that even now there does not exist, thoagb- 
out that extensive empire, a single glass-house which is prc^r- 
]y deserving of that name. Gfiuas working is indeed practised 
at Canton ; but the art is there wholly ccxifined to the renumn- 
(acture of old or broken glass of foreign make, which is melted 
and either blown or moulded into new forms. 

A similar remark may be applied to the inhabitants of Hin- 
dostan. Dr. Tennant informs us that ** before the arrival of the 
Europeans, there was not a house in all India furnished with 
glass windows,'** although there are not many climates \diere- 
m such an empbyment of glass is more conducive to comibn. 
The knowledge which the Hindus then possessed of the art of 
making tliis material was limited to the manu&cture of trinkets 
and trifling ornaments ; in fact, their inability to construct fur- 
naces of power sufficient to melt together the ingredients of 
which it should be composed rendered it impossible for that 
people to apply themselves to the manu&cture for any more 
useful purpose. ** Of its adaptetion to optical purposes th«y 
were so igmnant, as to be astonished and confounded at the ef- 
fects of a coDunon spy-glass.*'f 

Any more minute mquiries into the origin and progress of 
the manufacture of fflass would not oflTer much either ot inter- 
est or advantage. The investigation would not connect itself 
with any facts that bear upon the history of commerce, nor 
throw any liffht upon questions of international policy. The 
general abuimnce of materials needful for making ffUUB, and 
tiie facility with which these can be converted — at least into 
articles fitted for common use — are opposed to its becoming 
under any circumstances an object of great moment in foreign 
commerce. The advantage possessed by this country in the 
superior quality and abun&nce of its fuel does not oner suffi- 
cient compensation fix the heavy charges that would att^ the I 
transport of such bulky articles to countries which themsel?es 
possess adequate means for prosecuting the manufacture. 

Glass-making, in its various divisions, has long proved a very 
considerable branch of industry in this kingdom ; and althoogbi 
for reasons that will be noticed, our continually growing pow- I 

* Indian Recreations, vol. i. p. 325. 

t Min*8 History of Brit. India, vol. i. p. 961. Uuarto edition. 
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er of attaining comforts has not occasioned a corresponding in- 
creaae in the quantity retained lor domestic use, our colonial 
relaUons have always insured a very considerable export trade 
to the manufacturers. 

The portion oi^aaB made in Great Britain, and retained for 
borne sede, has bng been converted into a source of considerable 
national revenue. If articles of domestic manufacture are at 
all legitimate objects of taxation, it does not appear that any 
peculiar objection can be advanced against the extension of the 
system to this particular branch of national industry. The prices 
of such glass utensils as are of most common employment can- 
not be ccMisidered great when viewed with reference to their 
beauty and the extreme ccmvenience which attends upon their 
use; while upon articles of a more costly description tiie duty 
comprises a comparativelv small part of the price. It would 
tiierefore seem little likehr that any material check to the use 
of either description would be caused by even a considerable 
augmentation of the rate of duty. The result has, however, 
always disproved the correctness of such an opinion, as every 
addition which has been made to the rate of duty has occasion- 
ed a most important idling off in the produce of our gkss- 
bou8e& 

In the year 1812 an additional duty was imposed upon glass 
Dumu&ctures ffenerally, which, it was estimated by the then 
chancellor of the Exchequer, would produce an au^entation 
of revenue to the extent of 328,0002. The immediate conse- 
quences, however, of this measure, so ftr disappointed the ex- 
pectations of the minister as to occasion a fiiUing off in the 
quantity manufactured throughout the kingdom of rather more 
than one third, hy which means the anticipated increase of rev- 
enue fell short by the sum of 183,0002. 

The general evil tendency of this system of taxation cannot, 
perhaps, be better or more clearly exemi)lified than by the 
statement of a few simple &cts connected with the manofilcture 
ofglasa 

The average quantity of all descriptions annually retained 
for home use in ue three years ending in 1793 was 373,782 
cwt, while the average quantity consumed during the three 
years ending in 1829, amounted to 364,156 cwt ; showing an 
umual decriease in the manu&cture of 9626 cwt, notwithstanding 
the ^freat increase of population and the still greater strides in 
civilization made during the interval by all classes of the com- 
munity. 

If the quantities produced during equal periods of three years, 
immediately preceding and following the last and most consid- 
emble advance in the rate of duty, are then contrasted with 
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each other, the efifect appears in a yet more striking point of 
view. The anniul average quantity made far home use duringf 
the three years ending in 1812 was 413,414 cwt, while the 
average of the three foUowing vears ending in 1815 was 264^931 
cwt; showing an immediate ndling off of 148,483 cwt, being 
upwards of & per cent upon the 'larger quantity; a circum- 
stance which could not fiiil, among omer evils, to bring dis- 
tress and misery upon a considerable number of operative man- 
ufiicturers. 

On the other hand, a diminution in the rate of duty on plate 
glass was effected on the 5th of July, 1819, it being then low- 
ered from 9Qs. to 60«. per cwt As a consequence, the quan- 
tity manufiictured has since been steadily and progresmvely in- 
creasing. During the three years preceding the abatement, 
the average quantity annually manufiicturecr was 6809 cwt, 
^ridding a otobb revenue of 90,4242., whereas the average quan- 
tity rnfSe during the three years ending in 1829 amounted to 
15,285 cwt, and the revenue produced was 45,7052., bein? an 
increase of more than 50 per cent, derived from a rate of doty 
diminished to the extent of 40* per cent 

Could any fiusts more forcibly point out the pemicionB ten- 
dency of heavy duties upon artiqjles of domestic manu&cture, or 
more clearly mdicate the course which it were wise to folW 
in remodellmg to as sreat an extent, and as quickly as is prac- 
ticable, this branch of our financial system 1 

It is much to be regretted that any circumstances should have 
arisen to delay the execution of the expressed intention of tbe 
government altogether to remove the duties upcxi glass. When- 
ever this measure shall be accomplished, it can hardly tail to 
induce such an extensbn of the manu&cture as will prove gen- 
erally beneficial to the community. The abolition of these da- 
ties would be accompanied by the still fiirther advantage (^re- 
moving all those vexatious regulations and restrictions under 
which the manufacture is now carried on, and which will cease^ 
as a matter of course, when the article is no longer an object 
of revenue. 

It is principally owinff to these restrictions that so much fer- 
eign glass is now brou^t into this country in the &ce of wteX 
may be considered an amply protecting duty. Foreign mano- 
&cturers are allowed to make any and every article out of that 
quality of glass which will most cheaply and advantageoosly 
answer the end, while our own artists are fiirbidden to ibrai 
certain objects, except with more costly materials, which pay 
the higher rates of duty. Nor is this restriction only comme^ 
cially wrong, since it forms matter of just complaint oa tiie part 
of chemists, that they are unable to procure utensils fitted fer 
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efiectinor many of the nicer operatioiis connected with their 
science, because the due protection of the revenue is thousfht 
to require that such utensils shall be formed out of that quimty 
of glass alone which, apart from all considerations of price, is 
otherwise, fro;p its properties, really unfitted for the purpose. 
Relaxations are, indeed, sometimes made on this head in par- 
ticular cases by the commissioners of Excise ; but tibe trouble 
necesBBrily attending applications to a public board is greater 
than can be compensated by the trifling money advantage that 
can result in eacli case to the manufacturer, and the interests of 
science are, consequently, made tQ suf^. 



CHAP. n. 

ON THE VABIOUS INGREDIENTS EMPLOYED IN KAKINO 

GLASS. 

Glaai always composed of Silez with Alkali. — ^Di^rent Deseriptioni of 
Glasc—Sea-Sand.— Soda and Potash.— Pearl- Ash.— Barilla.— Kelp.— Wood 
Ashes.— Nitre.— Litharge.— Minium. —Manganese. — Arsenic— Borax.— 
Chalk. 

Under the general name of glass, chemists comprehend all 
mineral substuices, which, on the application of heat, pass 
through a state of fiosion into hard and brittle masses, and wmch, 
if then broken, exhibit a lustrous fracture. Most glasses are 
transparent also ; and the non-existence of this property is gen- 
eraJly owing to the presence of some foreign and unessential 
suhstance. 

The glass of commerce — ^that beautiful manufiicture to which 
the generic name is most commonly applied— does not include 
so wide a range of bodies ; and is always composed of some si- 
licious earth, the fusion and vitrification of which has been oc- 
casioned by certain alkaline earths, or salts, and sometimes with 
the aid of metallic oxides. 

There are five di^rent and distinct qualities of glass manu« 
&ctured for domestic purposes ; viz. 

Flint glass, or crystal ; 

Crown or German sheet glass ; 

Broad or common window glass 

Bottle or common green glajBs; and 

Plate glass ; 
the materials and uie processes used m making which form the 
subject of our present inquiry. 

Before commencing the description of any of the manipula- 
tions employed in this interesting manufiicture, it will be iMstter 
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to irive a gcneial account of the diflBercnt materiftb used, and to 
pomt out how the particular qualities of glass ore influenced by 
the properties of those various ingredients. 

Each of the five descriptions contains, in common with the 
others, two ingredients, which, indeed, are esseatial to their 
formation—silez and an alkali 

The variations of quality, and distinctive differenc«i observ- 
able in glass, principally result from the kind of alkali employ- 
ed, and its degree of purity, as well as firom the addition of 
other acceesory materials; such as nitre, oxide of lead or of 
manganese, white oxide of arsenic, borax, or chalk. 

s3ex is not eqiially proper in all its forms for the composi- 
tion of glass. Sea sand, which consists of spherical grains of 
quartz, so minute, as to be qualified for the purpose without 
any preparation except carefiil washing, is the form wherein 
silex is most commonly used fof the purpose in England. AU 
sea sand is not, indeed, equally applicable to the glass-maker's 
purpose. That used in this country for making the finer de- 
scriptions of ware is usually obtained, either from the port of 
Lynn, in Norfolk, or fix)m Alum Bay, on the western coast of 
the Isle of Wight 

The best glass was formerly made with common flints, cal- 
cined and ground in the manner already described, as used in 
the manu&cture of pottery, and hence the name which it ac- 
quired of flint glass. The employment of silex in this form is 
now wholly discontinued in glass-houses, as it is known that 
some qualities of sand answer the purpose equally well, while 
the labor and expense of calcining and grinding are saved by 
the substitution. 

Both soda and potash are well adapted to the purpose of ma- 
king glass. They are used in the form of carbonates ; that is, 
holding carbonic acid in combination with themselves as basest 
The acid flies off during tlie progress of the manufacture, and 
the result is a compound ,of silex and alkali. 

As already stat^ the quality of glass is influenced by the 
degree of purity of the idkalL For makmg the finest flint 
glass, pearl-ash, which is potash in a purer form, must be used. 
The alkali must previously be still fiirther purified by solution 
and subsidence, and then evaporating the fluid to dryness. By 
this purification a loss is sustained, amounting to l>etween 30 
and & per cent in the weight of pearl-ash. Coarser kinds of 
alkali, such as barilla, kelp, or wood-ashes, which are combined 
with many impurities, are employed for the production of infe- 
rior glass. Complete fiision and vitrification are accomplished 
by these means, the impurities even being of a nature to assist 
towards the production of these effects. The green color im- 
parted to glass, is produced by the iron, which is present in a 
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greater or less degree in these courser dkaline sofaBtanees. 
Builla, when sufficiently cheap, is always chosen preferably to 
wood-ashes or kelp. The recent abatement of the import duty 
levied upon this article of commerce will, therefore, probably 
tend to me increased consumption of barilla in glass-houses. 
- A very small proportion of nitre is used in the composition 
of glass, to occasion the destruction of any carbanaceoos mat- 
ter which may exist m the infredients. This salt must be 
added previous to the fusion of ue glass. At a degice of heat 
much below that of the furnace, nitre will decompose, ffiving 
out much oxygen, and maintaining such metallic oxides as 
may be present in their highest state of oxygenation. It is 
thus of use m fixing arsenic, the volatile propierty of which in- 
creases as it.^pproaches the metallic state. 

Oxide of lead, in the form of either litharge or minium, is 
essential to tiie making of flintrgkss, into the composition of 
which it enters very mrgely. This metal acts, in the first 
place, as a most powerful flux, promoting the fiision of all vit- 
rifiable substances at comparatively low temperatures. It is 
also permanently beneficial in imparting hidbly valuable prop- 
erties to the glass of which it forms a part This, by its meanis, 
is rendered much more dense ; has a greater power of refiuct* 
ing rays of light; possesses more tenacity when red-hot, caus- 
ing it for that reason to be more easU v worked ; and is render- 
ed more capable of bearinfif uninjurea sudden change of tem- 
perature. On the other hand, glass, into the composifion of 
which much lead has entered, is so soft as to be easily scratch- 
ed and injured if rubbed against hard bodies. Such glass is 
also improper as a recipient for many fluids which are of an 
acrid nature, by which it would be corroded and destroyed. 
Another great inconvenience attending the use of lead is this, 
that it does not become intimately enough united with the 
other componenUi for the whole mass to assume an uniform 
density. It will almost always happen, that the glass at the 
bottom of the pot contains a larger proportion of htharge than 
that above. This inequality of density is continually mcreas- 
ing as the contents of llie pot are diminished by the workman ; 
and it is thence impossible to withdraw fiom it any two por- 
tions whose densities shall agree.* 

* Mr. Faraday has stated, in his paper on the manufkcture of glass for op- 
tical purposes, which appeared in tfie Philosophical Transaetkms fer 189ft, 
that he fbniid, on examining **pat8 containing glass not mor« than six 
inebea in depth, made from the usual materials, and retained at a full heat 
for twenty-four hours," the following differences Of specific gravity be- 
tween the glass taken from th^ bottom and sarfaee of tlid poti :~ 
Top, - 3-38 3-30 3i28 3-21 315 373 3-85 381 331 330 
Bottom, 4 04 3 77 3 85 35S 3 80 463 474 475 399 374 

L 
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MoDBieur Guytoa Morveau has related a very curious exem- 
plificatian of 1^ fiict, which once occurred to himself when 
experimenting ill conjunction with Monsieur de Buffi)n in the 
plate-glasB manu&ctory near Lances.* Remaining in the cru- 
cible was a portion of flint glass m fusion, compo»Bd of thirty- 
two parts powdered cr}[Stal, thirty-two parts minium, sizteen 
of soda, aid one part nitre. To this was added the requisite 
quantity of the ingredients commonly employed for forming 
plate-gmss in the manu&ctory, and the whole was melted to- 
gether in the furnace. When the mass was sufficiently refined 
it was laded into the cistern, cast on the coroer table in the 
usual manner, and transferred to the annealing furnace. Its 
quality being subsequently submitted to examination, the plate 
was round to be composed <^ two distinct and perfectly level 
strata through the wnole mass, the lower stratifth occupying 
about one tlurd of its thicknesa 

So complete an instance of the precipitation of the denser 
through the lighter portion is not elsewhere to be met with in 
the records of glass-making: its occurrence in this particular 
occasion ^oula probably he referred to the active agency of 
some cause whicn escaped the observation of the two philoso- 
phers. 

It is a general efl^ of this inequality, that the fflaas, when 
wrought, appears waved \ a defect which is particularly incon- 
venient in that which is intended for the construction of opti- 
cal instntmenta Glass is also fusible at lower temperatures 
according to the proportion of lead which it containa This 
quality, which would be mischievous for some purposes, is, on 
die contrary, beneficial for others. It is often essential to 
chemists that they dudl be able, during the progress of their 
experiments, to bend the tubes with wmch they are operatiiig. 

black oxide of manganese has long been used for clearing 
glass from any /oul ccSor which it might accidentally possess 
um>ugh the impurity €f the alkali emiMoyed, and in particular 
from that green tinge which marks the presence of iron. This 
property of manganese, when in the form of an oxide, occa- 
sioned it to be ancientiy known as fflass soap, a name which 
very accurately describes its use. The circumstances attend- 
ing the employment of this substance in glass-making are of 
rather a curious nature. When added in a moderate propor- 
tion to any simple glass, it imparts a purple color; and sl^d 
its quantity be much increased, this color ^is deepened until tbe 
glass becomes nearly black. I^ while tiie mass thus colored is 
still in fusion, either white arsenic, or charcoal, or other carbo- 
naceous matter be added, an efiervescence is seen to follow, 

* Ann. de Cbim. vol. Izziii. p. 113. 
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and the color becomes gradually more fidnt until it altogfether 
disappears, and the glass is rendered dear and transj^urent 
Provided the ffreen hue which it is desired to counteract be 
considerable, toe application of a very small quantity of mangar- 
nese is not followed by any sensible tinge of purple ; but the 
moment that the proportion is more than sufficient for the pur- 
pose, this color immediately appears, and must be corrected. 
This correction is performed in a very simple manner in the 
glaa&-house, by thruking into the pot of melted glass a piece of 
wood, which, becoming charred by the heat, causes the purple 
again to vanish; while a slight effervescence as before de- 
scribed, and the escape of numerous bubbles of air, are plainly 
perceptible. If nitre be then added, the purjde color will be 
restored. 

The reason for these changes it is not difficult to explain. 
The oxide of manganese imparts a purple color, only when in a 
state of high oxygenation. When brought into contact with 
carbonaceous matter, it is partially deprived of its oxygen, and 
loses its coloring property. The air-bubbles which escape con- 
sist of carbonic acid gas, which is disengaged by the action <^ 
the charcoal on the oxide of manganese. The efiect which 
follows upon the introduction of mtre is of a contrary nature. 
When made of a red heat this substance gives out oxygen in 
great abundance, and the manganese being thus reinvested with 
me oxygen of which it was deprived by the charcoal, resumes 
with it uie coloring property. 

Another advantage attending the use of oxide of manganese 
results fit>m its property of powerfully assisting in the fusion of 
earthy bodies. It also gives considerable density to glass, but 
the same disadvantage accompanies its use as already has been 
noticed with regard to litharge. Having from its greater spe- 
cific fiptivity a tendency to settie towards the bottom of the pot, 
the ^ajas by this means varies in density throughout its sub- 
stance, in addition to which ciroumstance the manganese acts 
injuriously upon the pots by corroding them at the l»ttom. 

One or the uses of white oxide (h arsenic has already been 
described, that, namely, of correcting the coloring effects of 
manganese. It is also a very powerfol flux, and a great tempt- 
ation to its use is found in its cheapness. It should, however, 
be employed with moderation. If a considerable time be not 
aUow^ K»r its intimate incorporaticm with the other ingredients 
of the glass, this wiU appear clouded or milky ; a fiiult which 
will afterwards increase with the lapse of time. An excessive 
quantity of arsenic likewise occasions the glass to become grad- 
ually soft and to decompose, for which reason the empbyment 
of cbriiddng-yesBels in this condition is unsafe. 
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. AnotUtr^ ami & Innnlesa, applieation of arsenic in giass- 
taakiog k, when it is iatrodacea into tlie fused mass in otSei to 
dissipate toy carhopaceoug matter* which result from defects 
in {vepenng the alkali* In this case, small lumps of white ar- 
senic are i&tinuitely hlended with the mass by stirring* The 
great heat causes it at ooce to unite with and to carjy off the 
carbon in a v(^tile &rm, leaving the glass entirely nree from 
carbonaceous matter^ and nearly so from arsenic* 

Borax is used in {H'eparing only the finest descriotioos of 
glass: its employment is, indeed, principally confined to plate 
glasa It is too expensive toadmS of its fermingpartinthe 
composition of common descriptiona^ although its use in all 
cases would be desirable, as its efficacy in promotmg the fusion 
of vitrifiable substances is unrivalled. When the borax has been 
introduced, the compound is caused by it to flow with great 
freedom, and to be without specks and. bubbles, which would 
im^ir both its beauty and utility. Should the alkali employed 
prove defiksJentim strength, a «niidl portion of this salt will serve 
as an effectual remedy. 

Lime in the form of chalk is useful as a very cheap fiuz* It 
is aJso beneficial in ^cUitating tiie operatums of the workman 
in fiishioning glass, and it has the pn^r^ of diminishing its 
liability to crack on exposure to sudden ana greet vanaUoos of 
temperature, CSialk can only be used spojringly, however, in 
Ihe ^lanBo-honeef as the escape of carbonic acid causes the in- 
gredients in the pot to swell considerably during the fusioo. 
The presence of lunemany excesdve degree would also occa- 
sbn the rapid destruction of the pots, upon the substance of 
which it acts with considerable energy* Glass wherein lime 
exists in excess is also rendered cloudy, although the mass while 
in fiision appears perfectly pellucid. Not more than about aiz 
per cent d lime can be adoed without risking this de&ct 
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CHAP. HL 

OK THE CONSTRUCTION OF FURNACESS, ETC. 

Stability of Furnace Essential. —Frittinc Furnace, or Calcar.— Its Use.— 
Workins Furnace.— Double Furnace.— Proportionate Dimensions of Fur- 
nace ana Pots.— Wood-Furnaces.— Oomparative Consumption of Fuel in 
Wood and Coal Furnaces.— Annealing Oven.— Lier-Pans.— Glass-Pots.— 
Tbeir Formation and Seasoning. 

It is essential to the well conducting of the operations of 
glas^-houses that their furnaces ^ould be well and substantially 
built of the beet materials, and according to the most approved 
constracticHi. 

Monsieur Loysel was so deeply impressed with the necessity 
of devoting the greatest degree of attention to this branch of 
the art, thSt nearly one half of his clever treatise " Sur I'Art de 
la Verrerie" is occupied with its details. This author not only 
gives instructions for the choice of materials proper for con- 
structing crucibles and furnaces; but also points out the forms 
which will be fi>und most convenient and advantageoua 

In this country, and since the appearance of the work of M. 
I^ysel, those operations connected with the useful arts which 
depend upon the agency of heat have become much better un- 
derstood than £)rmerly, so that principles for the right attain- 
ment of which it was then necessary for individuals to search 
and inquire, and frequently even to experiment, are now be- 
come matters of every-day practice. It cannot, therefore, be 
necessary to imitate that aumor in all his lengthened initiatory 
directions for the digmng and purifying of clay — ^in his descrip- 
tion of the qu^ities mat should determme our selection of this 
material, or in the detail of mechanical arrangements that will 
prove most efficacious in giving durability to furnaces.* All 
these particulars may safely be committed to the skilfiilness of 
the professional builder. 

Some other points there are, however, connected, with this 
subject, wherein a greater degree of loiowledge than is at 
present possessed is mdeed desu^ble. To persons who have be- 
stowed die smallest attention upon the phenomena of heat and 
combustion it can scarcely fiiil to appear that science has yet an 

* In stating the degrees of consistence of the dajr most proper for the Air- 
naces in cGfierent parts and staffs of their construction, Mr. Loysel points 
oat a simple method of ascertaining the attainments of these degrees, which 
jiat the advantage of being easily accomplished by any workman. It consists 
in dropping a leaden ball of a given weight ft>om a determinate height upon 
ttte mass, which shoi^ld be of that density which will allow the ball, by the 
fivee of gravitation acquired in itadesoent, exactly to bury itself in the clay. ^ 

L2 
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4tmple field fivr research there open to her investigations, and 
that the aits have still to look for further and most hnportant 
benefits at .the hand of phildsophy. 

The whole operatioiiB of the glasa-hoose depend upon tiie sbb- 
Ulitjr of its fiimaces. In their original structure uie prudent 
Qiana&etnrer wUl, there&re, not h^iHate to avail Jimnelf of tbe 
««»stance of tiie aUest builders, and to em^oy^materiab which 
are best qualified by their denaty and innisibility for rensting 
the action of violent and long-continued heat No {Hreeent sa- 
ving in the eost of construction can at all compensate for the 
expense and interruptions occasioned by the necessity for fi:e- 
quent repairs, and still less for the losses of time, labor, and ma- 
terials, tnat would accompany casualties, the chances of which 
would be multiplied by want of proper attention to the matters 
here pointed out An equal, and perhaps even a greater degree 
of juagment is required for the selection of materials proper to 
form giBSB-pots or crucibles, since these have to withstand tbe 
action of heat in as violent a degree as any part of the furnace, 
and are additionally exposed to injurv from the solvent property 
potsessed by some of the materials, mr the fosion of which they 
are employed. These pots are therefore made of the most re- 
fractory, tnat is, the least fiisible, materials, and are fiiahioDed 
with every possible attention to their strength. 

Three dinerent kinds of furnaces are emploved in the manu- 
facture of glass. One, which is called the cdcar, a name cor- 
rupted ftmi the French word calamise, is used for that calci- 
nation of the materials to which they must be subjected previ- 
ously to tbeur complete fusion and vitrification. This process, 
which is called Jrittin^y a term likewise borrowed from the 
French, is used for various reasona In tbe fnrst place, it expels 
all moisture from the materials, the prese9ce of which would 
hazard the destruction of the fflass-pots. Next it drives o^ 
eitl^r wholly or in great part, we carbonic acid gas fixxn the 
chalk and alkidies employed, by which means the swellinpr of 
inffredients in the pots is either prevented, or moderated withm 
9B& lunit& This calcination has the further advantage of de- 
stroyinff all carbonaceous matters that may be present in the 
materifus. But the principal object of previotts calcination is, 
that a chemical union may be effected, or at least cannnenced, 
between the dlex, the alkali, and the metallic oxides. Other- 
wise, at the heat of the working flumace^'he alkali would fuse, 
and its comparative levi^ would canae it to take its statioQ at 
the sui&ee, while the other ingredients would subside towards 
the bottom. The uneonibined alkali would, in this case, after 
acting upon and injuring the substance of the crucifales, be, in 
great part, volatilifledaml ket; and a portion of the sand vrooU 
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Temanr «nfStnMI« wbik the tfhea actually pradmed would 
cootun an 'excemvt quantity of ailica. 

Theee^^observattoDa do not apply to the prefMration of liaale- 
mls finr making flint glaas, the fhsibility of which ia omdi 
greater than that of omer descriptiona, owing to the preaenoe 
of its large proportion of lead. For this reason, mano&cturera 
of this land of glaaa apply the proceaa of calcination to the aand 
alone, with the view of separating ftcm it all carbonaceous im< 
porities, previous to its admixture with the remaining materials 
The name of fixed alkalies has been given to sSa and pot* 
ash to denote their property of resisting the destructive iimu* 
ence of fire. As they are volatilized £eely by subjection to a 
red heat, thia property cannot, however, be strjptly ascribed to 
either of theae substances, and the title must be understood only 
as digtinguiabing them from other alkaline bodies, which are 
acted upon by comparatively low additions of temperature. 

Tlie calcar is in the form of an oven about ten feet long, 
seven feet wide, and two feet high. The coal used in heath^ 
it is placed in a sort of trough on one side, and the flame is 
made to reverberate from the crown of the oven back to the 
i^it In this operation, care is required to keep the degree of 
heat a(t all times within that which would melt the materials, 
and at first below the point whereat the yet unccmibined alkali 
«^ould be volatilised. 

The proeesB must not be hurried at first ; but after two or 
^ree hours the temperature mav be gradually raised until the 
mass becomes pasty. Having been kept in this state durmg 
ihree or four hours lon^r, it is then removed from the calcar 
and cut quieUy, beibre it has time to harden, into square cakes. 
These are piled away for fiiture use. It is the opinion of many 
^lasMnakers that fnt is improved in quality oy age; under 
which impression some among them so manage their ooerations 
as fiot to bring their store successively to use until it Las been 
prepared fbr at least twelve months. 

The workuig fiimace ia that wherem the firit, when placed 
in the fl^asEhpots or crucibles, is fiiUy melted and converted into 
glass. These crucibles are deep pots, varying m size according 
to the objects of the manufhcturer, but sometunes larae enough 
for each to contain a ton weight dT glass. Twelve <^these are 
usuallv placed, at regular intervals, in the oireumlbrence of 
«ach kiln, tiieir only opening being at the aide nearest to the 
wan of the kiln, in wmch they meet with corresponding open- 
ings so ti^t the pots can be r^ily charged, and their contents 
aa readily removed, by the workmen who stand in recesses 
ibrmed by projections of the masonry. The external form of the 
furnace is oircular, rising conically firom its base and termina- 
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ting in a bhi^tey. lie interior is dome-duped, and Huf^ported 
OB aitHteaTvlmB are constructed under tfa«0B for the admis- 
aim of atmospfaeric air, which, rising throng the fire-bora tbst 
OCCULT the centre of the floor of the furnace, the flame and 
heated air are made to envebp the pots, and thence pan on to 
the chinme; iesniag fcom the centre of the dome. 

A vetj important Bavinff in the article of tiiel has lately been 
eS^led in one d'the LorSon glass-houseB, that of M(»r& Pel- 
latt and Co^ tnr eulietituting for oneof the large twelve^iot liir^ 
nacea the; had been uxustomed to ose two mmiktly cmstruct- 
ed, bnt having onlj one half the diameter. The circumfereiice 
of theae.tiTOM^ng tc^ether equal to that of the iejrge ftunoce, 
thej are made lo cmtain aa great a number of pots, and of the 
same aze, aa were fbnnerly employed ; while the internal area 
<f the two, being together equal to only (me half that of the fur- 
nace fiir which they are substituted, the pota are neceeNiilj 
brought more than before within the intenseet influence of the 
fire. The same chimney ia made to serve for both fiinnces, by 
which means the expense attending' the alteratioa baa been 
much diminished. 

Fig. 1. 



It is said, that the weekly expenditure of coals has been 
lessened, by means of this alteratuui, to the extent often ch«l- 

Tbe dimensions of the crucibles and ftimace shooM bear 
anne relatirai to each other. If the former, from their diminu- 
tive size, are much below the efficiency of the furnace, a very 
— ^ — Bxpffioditore of fUel will be the result; and diootd the 
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cmM^ be too huego tbr tho power of the kUn, tbe heat wUl 
Qotpiore mfficient. In this case, an excess of finxas materi- 
ak must he used in older to form glase^ which will he impep- 
fectf according as it is fused below the most beneficial degree 
of temperature. The relative moportions of pots and furnace 
may be somewhat varied aeooraing to the power of promoting 
combostiop* which partly depends upon construction. and situa- 
tion. I4^ad recommeodG^ that in general the aggregate area 
of the crucibles should be very little beyond one SurSi of the 
area of the furnace. The experience whereon this recommend- 
ation rested was drawn fi-om the use of wood as a ccHnbusti- 
Ue, which requires a greater raace than coal for the develop- 
ment of a epven e^ct The difiference thus arising would, on 
the other hand, be lessened by the necespit^ which we are 
under &r covering the pots ; whereas^ if the kiln is heated by 
means of wood, tbese may remain uncovered, and their con- 
tents will, in consequence, be more efficientljr acted on by the 
l^eat Loyael states,* as the result of ezperanents oontomed 
during a whole year, that the weight of diy beach wood con- 
aimed in a glass4]0use furnace exceeded the weight of coal 
burnt in the same furnace, and during an equal period, in the 
proportidn of 46 to 28. According to Xiavoisier, the heating ef* 
feetB of wood and coal are in the proportion of 1069 to 600. 

The resoh of Loysel's experiment should consequently have 
ihowtt sinular eflbcts fiom the combustioQ of 45 parts by weight 
of wood, and 24<6 parts of coal; the dif&rence between tbis 
last qoan^ and 28 bemg, prol»My, tiie loss consequent upon 
<^vering die ciuoihles. 

The OBenings already mentkmed, as serving for the introduc- 
tion of me materials into the crucibles, and & the removal of 
the melted glasi, are called beccof. These may be closed either 
wholly or purtially, according to the need of the workman, by 
means of movable collars, or, to speak more correctly, by tem- 
poniy screens made of fiie^slay. On either side of each bocca 
is a smaller circular opening, sometimes called a boecareUa, 
but more generally by the fimiOiar name of nose-hole, the par- 
tknilar use of which will be explained hereafter. 

The annealing oven, or lier, is a l(M)g, low, rectangular cham- 
ber, heated at one end, and furnished with numerous shallow 
inm travs, which can be passed easQy along the level bottom 
of the (&mber. These trays are called Uer-poM, or fimchet; 
vhidi names, together wim those of several iinplements used 
is glasB-hooses, are evidently adopted flrom the French. 

As regards the structure of the annealing chamber, there is 
iU)thing ttet particulariy requnes notice, <xt that will not be 

* VAn de la Verrerio, p. 73. 
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Tendered sofficientlv clear b^ the explanation otHawKO 
■will be given in the following chapter, while i "' 
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their r^^ulai coarse, the cooaecntive proceeeee of the maouftc- 

Ever]' glaa^-house should poeseaB within itself the means cf I 
making aS the cruciblee ana other earthen utenrala that nuj 
be required for its operations. The cmveyance of these frco 
anj consideinble distance would add materially to their cut, i 
not only by the mere expense of carriage, but thmogi Ibe 
greater liatNli^ to fracture, whereto such unwieldy veweli 
would in that case be subject I 

Theee crucibles, or gla^pots, shonld be made with five pvti I 
of the beat Stourbridge fire-clay and one part of old bmken 
crucibles ground to powder for that purpose. Great nice^ ii I 
required in mixing uiese iogrediente and in working than ti»- 
gether, in order to drive out &Dm their anhstance ever; particle 
^ air, the presence of irtiidi would, by its expansicai in the Gl^ I 
oace, occasion the immediate breduw of the potK 
The method invariably pursued &r kneaJmg Iha clay i^ , 
Fig. 2. that the workman treads «i it for a cooad- 
eiable time with hie naked feet, ttuniiig A 
over JTom time to tjme, bo that every |)ut 
I may, in its turn, be subjected to the reqaued 
I premire. An attempt was recently m^ ^ 
I a glass nianu&cturer to empl<^ machmefy ' 
L fiir the purpose; but after-haviiw inenmd 
K conaideiable expense, and exerted mudi ia- 
^ genuity in perf^Hing his apparatus this ga- 
tleman has reverted to (he old inartificialmetbod, as being deci- 
dedly the beet calculated to insure the goodneee of his cnwihka 
This attempt at improvement was not relinquished, until die 
Icnee which were sustained in its [oosecution became <^ sen- 

After die cruciUes are formed, they are su^red to ronua 
&r a coDsiderBble time in the apartment wherein they wen 
made, in order that they may dry equally throughout their soIk 
stance. It is not, indeed, considered jmident to remove Iben 
from this dtualion until they shall have been fbnued Sx at leul 
« twelvemonth. 

For swne little time before a pot is put to use, it must be 
placed in an apartment wherein heat can be artificially admil- 
ted, and either raised or lowered at pleasure^ It is then r*' 
moved for about three days to a furnace particnlarly app^ 
priated to the baking cfpots; and here the temperature, wbicii 
at first is moderate, is gradually incretaed, until at hut it ii 
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made nearly as intense as that of the working fbniBce, ibr in- 
sertioa in which the crucible is thenlsufficienUy fitted. 

With all the skill and care that can be employed in their 
manu&ctore, these crucibles will firequently Inreak during a 
veiy early period of their use, and the loss occasioned by that 
means to the manu&cturer is in numy ways one d[ veiy seri- 
ous importance. 



CHAPTER IV. 

ON THE KANUFAOTUSB OF FLINT OI.AM. 

Iliefflost beautiful and costly Kind of Glaai.— Importance of its Quality for 
Optical Purpo8eB.-^£zperinientfl.for its Improyement— Undertaken by the 
Royal Society — Promoted by Government.— Diatinauiahiiig Properties of 
Flint GJaas.— T^ what owing.— Different Compositions.— Process of Melt' 
ing.— Glass-Gal!.— Its Use.— Curious Phenomenon.— Implements.— Col- 
lecting Glass on Rod.— Marver.— Paraison. — ^Blowing.— Re-beating.— 
Elongating. — ^Pontil.—Fashioning.-Oetaching.— Removal to Annealing 
Oven.— Moulding.— Annealing.— Why indispensable.— Bologna Pbials.— 
Rupert's Drops. 

Fuht glass — known in foreign countries under the name of 
ct^sto^— retains amonff us the title originally imparted hf its 
praicipal ingredient, although the use oiflint m its composition 
^ long since been discontmued. 

This glass is the beautiful and peculiarly refulgent com- 
pound whereof the finest articles designed for domestic use 
or for ornament are made. Of all the vitrified compounds 
that are manii&ctured, it is the heaviest and the most brilliant ; 
the one most easUy fes^ioned l^ the hand of the workman, and 
that which has the greatest renactive power. It is also, fix)m 
the nature of its constituent materials, the most costly. 

Vessels of flint glass cannot, however, be properly appliedvto 
ftll purposes. If, for instance, they are used to contain car- 
bonate of ammonia, they will very soon become so exceedingly 
brittle, that the verv slightest apparent cause will occasion 
pieces to fidl out CJommon green bottle glass is not liable to 
this objection. 

Were we to judge from the practice of different manufac- 
turers, in bringing tdgether the ingredients that form this com- 
pound, we must Mieve, that to adhere to any exact proportions 
is by no means indispensable. In almost every difierent glass- 
house a peculiar recipe is followed^ and no two writers upon 
the subject agree in tneir statement of the exact doses wherein 
any of its components should be used. It is by no nieans be- 
lieved, however, that these vague proceedings are without in- 
convenience, or that some particular compound might not be 
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diflccyvered and adqited, which, for many purpasefl^ would be 
superior to every other. 

The em]riiojiDent of this species of glass in the constracibn 
of optiM instruments renders every attempt towards its iiD- 
prov^ment a matter of umvenal interest and importanca A 
ooDunittee of scientific men have been for some years engaged, 
at Uie expense of government, in a series of experiments^ with 
a view to discover some composition by which glass may be 
obtained in large pieces, free from those defects which have 
hitiierto circumscribed the power of telescopes within a nar- 
row limit In such investigations, however, great difficulties 
are to be encountered; and a long time is as necessary as great 
talents to overcome theuL The progress which has been made 
by the committee, thouj^h not periiaps so great as the lovers 
of science could have wished, is still as great .as the difficulties 
of the subject— «ven in the most able hands— wtuld have led 
us to hope for, and is sufficient to justify sanguine anticipatioDs 
of future success. 

The properties of ffint glass which distinguish it from other 
vitrified substances are owing to the presence of some metallic 
oxide. All metals, when oxidated, win combine with silica 
and alkali to form glass. Few of them are, however, properly 
qualified for the purpose, m consequence of their impartiBg 
colors to the mass. The oxides of lead and of bisuRith are tiie 
only two which may be used in sufficient quantity without pro- 
ducing thn inconvenience ; and as lead is by much the cheap' 
est of these metals, it is always preforaUy emfrioyed in the 
manufiicture. An over dose of lead wffl, indeed, discolor glass, 
imparting to it a tin^e of yellow. 

It is essential to the gnoodness of the gloss that no impurities 
or forei^ matters shouM be combined with the lead, and as 
the adulteration df its various oxides is both eaaly efik;ted, and 
difficult o£ detection, the glass-maker who does not prepare 
this substance ht himself, should make his purdiases only from 
persons on whose probity be can rely. LGysel recommends 
the use of rnhdum, as being less soscentible c^ adulteratioii 
than the other oxides of lead. English glass-makers more fre- 
quently empk)y litharge. 

The autiror Hist mentioned gives as the composition of crys- 
tal, where coal is employed as fr»l, — 

White sand 100 parts. 

Redlead 80to85 

Pearl-ash 35to40 

Nitre 2to3 

Oxide of manganese 0-6 

Where wood is used for the reduction of the ingredients, and 
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where conseqnently, the crucibles mmj be left ancovered do- 
ring the process, a different mixture is ^referred. In this, a 
much smaller proportion of metallic oxiae is added ; and the 
reason assigned by M. Loysel for this variance is^ that the air, 
having constant and unimpeded access to the sor&ce of the 
glass, 8um>lies any deficiency of oxygen, while the process is, 
throagh ttie more direct application of heat, more quickly peiv- 
form^ and the glass when manu&ctured is huder and more 
durable* The proportions given for this compound are, — 

White sand 100 parts. 

Red lead 50to60 

Pearl-«sh » 90to40 

Oxide of arsenic 0-75 to 1 

The specific gravity of this glass will not be so great as that 
of the former compound in the proportion of 29 to 32, and its 
refractive power will evidently be smaller alsa 

Messrs. Aikin, who, as a matter of scientific research, 
formerly directed their minds to the consideration of this im- 
portant branch of manu&cture, and who then made manv ex- 
periments connected with the art of fflass-making, state* tnat & 
very excellent article may be made &om — 

120 parts fine clean white sand ; 

40 well purified pearl-ash ; 

35 litharge or mmium ; 

X3 — «. nitre, and a small quantity of the blaclr 
oxide of manganese; 
the superior fiuxing power of the nitre suf^lying, in that 
respect the difference which exists in the pn^Knrtbn of lead 
between this compound and the first formula oi LoyseL To 
introduce so large a dose oi metallic oxide as is recommended 
by the French author produces an inconvenientlv soft material. 
That the proportion is excessive may well be inferred fi»m the 
^t ftscertamed by Dr. Priestley, that if a tube of glass so com- 
pomided be made red-hot, and a stream of hydnigen gas be 
passed throu^ it, the whc^e inner surfiice will be covert with 
a half brilliant black sabstance, which results firom a pextial 
reduction of the lead, and inoisture will appear at the further 
end of the tube. ' . 

The result of many preliminary experhnents made on a re- 
cent occasion by Mr. Faraday, vnth the object of producing per- 
fectly homo^neous glass for optical purposes, induced that gen- 
tlesnan to give the preference to a compound of silica, bmcic 
acid, and oxide of lead, brought together in single proportionals, 
a nd which he therefore designates a silicated borate of lead . 

* Dictionary of Chemistry, vol- i. p* 486. 

M 



134 GLASS MAIfUFACTVRE. CHAP. IV. 

The important aim of Mr. Faraday's inquiries induced him 
to neglect no one particular by which they could be forwarded, 
and he accordingly employea all those chemical means with 
which he is so perfectly acquainted to insure the absolute purity 
of the ingredients which he thus selected. 

The oxide of lead was converted from the state of litharge 
into a nitrate by first washing it and separating the carbona- 
ceous and ferruginous particles, and then placing it in a clean 
earthen vessel, and dissolving in dilute nitnc aci^ so as to form 
a hot saturati^ solution. Mtei 18 or 24 hours the crystals 
which had formed were collected, broken up into small parti- 
cles, and reputedly washed in fresh clear portions of the 
mother liquor, in order to remove any insoluble deposited mat- 
ter. When thus perfectly cleaned, the broken crystaJs were 
drained, and then dried by being placed in a sand bath and 
constantly stirred, after which tiiey were preserved in glass 
bottles for future use. 

Mr. Fanid^y ^^^^ enabled to procure pure boracic acid in 
crystals from the manufacturers, subjecting it in every case, 
however, to careful examination, and testing it by various 
agents to ascertain the absence of impurities. 

Sand from the coast of Norfolk needed no other preparation 
to insure its purity than to be well washed and calcined, and 
this was the only source whence Mr. Faraday drew his supply 
of silica. 

The previous fritting described in the last chapter was 
formerly performed for uie manu&cture of all kinds of glass; 
but, as regards the kind under description, is not now 
adopted, llie materials are used in a state of greater purity, 
and the process is, on that account, as well as for another 
reason already given, no longer considered advantageoua 

The ingredients having been intimately mixed« are cast, by 
means of clean iron shovels through the side openings, into the 
crucibles; which, previously to this, must be brought to a 
white heat The pots are filled at once with the mixtore; 
but as the bulk of Uiis decreases materially in melting, a fiiesh 
portion must be added when this efiect has been produced ; ami 
this operation is repeated until, by these successive fillings^ the 
vessels at length become fully charged with melted gHnA. Be- 
fore any fresh portion of materials is added, that already in the 
crucible must be completely melted. When this is full, the 
opening through which the charge was introduced is materially 
lessened With wet clay, so that only a narrow hole remained 
through which the impurities may be removed, and small poi^ 
tions of the contents may, from time to time, be drawn for 
examination. 
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Immediately i||^ the materials bein^ placed in Uie cruci- 
the heat of the fiimace is raised to its h%hest point The 
cQQtents are soon observed to sink down in the state of a soft 
paste, and ere long become perfectly melted. The glass does 
not, however, immediately mereupon appear transparent, hut 
ioses ita opacity by slow degrees, as a white porous scum, 
known by the name of sandiver or gUug-gaU, rises through 
the mass and is removed. This scum appears to Consist of 
salts, wbich more or less exist in alkalies, and which salts, hav- 
ing little or no affinity for silex, and being specifically lighter 
^ glass, rise to the top. Another foreijgfii substance is some- 
timee found at the bottom of the pots, ana is removed when the 
glass is worked off This, which is also called sandiver, is of 
a oatore altogether different from the scum before mentioned, 
being a vitrihed mass of metallic and earthy impurities. In 
the stronff heat of the furnace gkss-gall is exceedingly volatile ; 
so that, if not removed as it forms on the sur&ce, it would all 
be dispersed in the form of a dense vapor, very dark at first, 
and gniwia^ white by degrees, as the glass becomes purer. 
1^ vapor IS very corrosive, and acts injiuriously upon tte tops 
of the crucibles. 

Sandiver is purchased by refiners of metals, who use it as a 
powerful flux. It is necessary that the whole of tibis substance 
^Id come away before the glass is withdrawn from the pots 
for use, otherwise articles formed with it will appear cloudy, 
^ filled with bubUes. A very strong and long continued 
beat is generally required before the whole impurities are dis- 
pbargef As the process advances, the glass proves increas- 
ingly flexible, heavier, and less brittle, tUlat length the glass- 
gall is altogether thrown off, no more vapors rise, the bubbles 
expand, rise to the sur&ce and burst, and the whole is seen to 
be colorless and translucent 

In this state, vitrification is complete, but the glass is too fluid 
to be feshioned, and for this purpose its temperature must be 
lowered by stopping the draught of the furnace in that particu- 
lar part where the crucible is placed ; the clay wherewith its 
opening was lessened is then removed, and the operations of 
^e glass-blower may be commenced. 

When cooled to the heat most proper for its being wrought, 
the glass has lost its perfect fluidity, hevae of a consistent and 
tenacious mass, soft enough to yield to the slightest external 
impression, yet capable of being bent, pulled, and fashioned into 
aJl imaginable shapes, without cracking or parting with its te- 
nuity ; 80 that if in this state it be stretched or drawn out, it will 
preserve the form of a solid fibre, constantly decreasing in its 
diameter, and will not separate until reduced to the merest fila- 
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nent When no longer heated to rodiiesB,gknbeooiiieB rigid, 
brittle, ind truwpaient IHiring[ the whole time employed in 
working a pot of glass, which varies finm five to twenty hoors, 
and is sometinies even longer, its consistence should be main- 
tained as nearly as possible at the same point, and to succeed in 
this calls for considerable attention on the part of the work- 
men. 

The cont^ts of all the crucibles do not come into the work- 
ing state at the same moment; but no injury arises fitun this 
cause, as glaiBs may remain for a very considerate period in the 
melted state without, in any reelect, altering its qualitiea The 
fusion and perfect re&iing of flmt glass, as here described, are 
usually completed in almit forty-eight hours Smm the first 
charging of me crucible& 

In the operations of a glass-house it ifi» indeed, common, pur- 
posely to manage the vitrSying of the materials so that the con- 
tents of the . di^rent crucibles shall be brought to the state 
poper for Idowinff in succession, that when the g^lass contained 
m one is all worked up, that in another shall be in perfect 
readiness for use. * B^ this arrangement the workmen experi- 
ence no interruption, and the heat of the fiimace is constantly 
muntained, which last is a consideration of some importance; 
for if through any accident, the tranperature be ^owed to sink 
in a materml degree, considerable expense of time and fiid are 
required for its restoration. 

it is by no means advisable to employ in the formation of the 
same glass vessel materials drawn mxa more than one cruci- 
ble. Although the original compoeiticHi may have been alto- 
gether identKal, and the fiiacm of all has been simultaneously 
carried forward in the same fiimace, still a minute difference 
may, and generally will, exist in the constituent proportions of 
each mass, arising firom an accidental variance of dnuigfat,and 
consequently of heat, in difierent parts of the fiimace, whereby 
some cmcibles may have been made to part with a hunger pro- 
portion of their allcEdi than others. Any circumstances which 
mterfere with the perfect sameness of quality in everv part of 
vessels formed of glass renders them more liable to break on 
eiroosure to sudden changes of temperature, by reason of their 
diroring tendencies to expand and contract under such circum- 
stances. 

The implements used by ^lass-blowers are few in number, 
and exceedingly inartificial m their form and constmctioD. 
The principal one is simply a hollow iron rod or tube, about 
five feet long, upon one end of which the workman coUects the 
quantity of melted ^ass that will suffice for forming the article 
intefided. In this operation the rod is dif^ied into the pot and 
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turned abcut seveml times. If the size of the Teasel requires a 
ooDademble weig^ht of ^kas for its fivrmation, the rod is taken 

Fig.S. 



oat and exposed momeniarily to the current of air, by which 
means the sur^Mse of the glass already collected is sufficiently 
cooled for a fi^i^i portion to adhere, and this proceeding is re- 
peated until enough is collected for the object 

When the rod mus loaded is withdrawn from the cracible, it 
is held for a few seconds in a perpendicular position, the end to 
which the ^lass is attached being nearest to the grotmd, that by 
its own weight the mass may be lengtiiened out Seyond the rod. 
The next operation is to roll the glf^ on the flat sur&ce of a 
smooth horizontal iron plate caJled the marver, a name corrupt- 
ed from the French word **marbre,''* By this means the par- 
ticles of glass are agglomerated m a cyliiiarical form, which is 
then called by the workmen a paraison. The workman then 
applies his mouth to the other end of the tube, and blows strong- 
ly through it, so that his breath, penetrating the centre of the 
red-hot glass, causes it to be distended into a hollow globe. The 
pressure of the breath must be continued upon the tube for a 
few seconds to prevent the return of any portion of the air 

^.4. 




through the tube, otherwise the external air being more dense 
than the heated portion confined within, th^ globe would col- 
lapse : when it has been somewhat stiffened by cooling, this 
accident is no longer to be apprehended. 

M2 
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tbe globe, which ii not node Rfficientl^ dun bj Hoe one 
Uowing, h then bested anew by beiAg held a litUe within the 
opening of the fumace ; the bre&th ia again employed as before, 
and BO OQ repeatedljr, until the proper rize and thickness erf' the 
globe are satit&ctoril jr attained. 

If the tbnn of the mtended veael reqoireH the globe to he 
dcmgated, this effect is produced by giving to the rad, while 
the glaaa attached to it ia aoftened by Mat, an altNiMtiiig mo- 
tioQ similar to that of a pendnluni, or by dexieroudy makmg it 
perfimi a circle awifUy through the air. The tendency to fly 
oa* from the centre which ie £ub imparted cauaee llie paiticks 
to ehange their relative positions in a degree coneqNwhng with 
the Un6unt and duration of the force employed. 
■ At this stage another implement, called a punt, orfoitiS, is 
thought into use. This is a solid irtai ted of a cjliodncal ton, 
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smalls and ligteer than the tube used tor Mowing, and coiw- 
queatly more within the power and management of the wwk- 
man. Upon one end of this nxl a snuJl potion of melted ^av 
is collected, bv an BBOstant, from the crucible, and in this etitt 
isBpfdied to tnesuiftceof the^obeontiie ^e opposite to that 
where it is already attached to ths tuba The two heated bu)k 
stances speedily uniting, the glass is detached from the hdlo« 

Fig. 6. 



rod, by toaehing it near to their point td coitact with a mall 
piece of iron wetted with oM water. This occastow the glia 
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to carck, BO th&t b; ^ving & mut Btroke to the hdlow rad, it 
k immediMtfil J and suel; aepttnted, leaving ■ anaU bole tX the 
pNDti^ rupture. 

The wcvknan now receives &cni his attenduit the poatil 
whh Ifae glow ve»el attached, and after rebmtiog it at the 
tiimace mouth afi before, seat! hunselfcB a Bort of stool [mwided 

Fig.7. 



with aims almii^ fiwwud, whemon the poatil is anpported be- 
fore him in a noruuntad poeitioa, the glus heiiv at tbe mait'a 
right hand. Thm placed he oovems with hii left hand the 
movementaof the pontil bjrtwirliiig h to and fro along the aimB 
of the Etool; and taking in his ri^ hand an iron inrtnmient, 
called a {HDcello, the bladee c^ which ore connected together fay 
in daatic bow, hi the'inaniier of a pair pfg_ g. 

of mgai^4ang8, be enlaisei (v cootcttcts 
the vessel in dtfihient {Aees until it aa- 
sumea the leqiiiBlfi ibtm Anj nipen- ' 
bondance of matoial is cot awaj bf the BCiaamfl while the 
glaag is led-bot, wtlli tg much ease oa thej ooutd be nnde to 
divide a {>iece of soft leather. 

If the nrtido iBofA kind, hj Ha am or by the complex ua- 
tuie of ka txa, to occupjr mnch time b its manu&oture, it 
BiEiet ODcaaand^be iriiariad, as its inraeasii^ rigiditjp makee 
it more diffioult of mana^enieQt 

To inauK the requinte regularity in Aape and N*e, the 
workman is ^vided with coiBpasea and a scsle marked offia 
feet and inches. 

The finiAed article is detached fiom the pMitil in the sune 
manner as it has previously been trom the Uowing tnbe, by 
wetting it at the point where it ia attached, and is then dropped 
g«itly OR a bed of ashee kept at the man'a ade for the purpoee. 
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It is then taken up cm a pronged stick, or, when from its shape 
this mode is inconvenient or impracticable, the glass is made 
to rest during the detaching process on a wooden shovel, 
wherein it consequently remains y^en divided. In either case 
a boy in attendance conveys it without loss of time, and while 
yet exceedingly hot, to the annealing oven. 

If it be required to give to the article any form or pattern 
which is unattainable by the simple means narrated, a mould is 
provided, mto which the glass is placed while it is being blown, 
and where it receives the requisite impression with as much fii- 
cility and fiiithfulness as wax. 

' The process of annealing is one of very great importance; 
without it, glass would be l^ble to fly with the smallest change 
of temperature, and would break with the merest scratch or 
touch, or even without any apjorent external cause of injury. 
The most reasonable theory which has been proposed in expla- 
nation of this disposition in unannealed glass is, that by its sud- 
den cooling the external particles are forcibly contracted, while 
the inner substance still remains soft and expanded. The two 
portions thus take up positions, in relation to each other, very 
different firom those which they would occupy if the contraction 
of tlie whole had gone forward equally and gradually. By this 
means a cmistant strain is kept up between die difierent parts, 
and diould a force be applied of a nature to rive any the smallest 
portion asunder, the equilibrium of resistance is deranged, and 
the elastic quality of the glass causes the injury to be feh 
strongly and suddenly, but very unequally, through the whole 

mass. 

This theonr appears to receive confirmation from the well 
known and often repeated experiments made with the Bologna 
phial and with Rupert's drops. The first is a phial of ordinary 
shape made c^ any kind of^ glass, much thicker at its bottom 
than in its uTOer portion, and which has been suddenly cooled 
in the air. This phiiU, from its thickness, will sustam a con- 
siderable blow from any blunt instrument, or will bear unin- 
jured the sudden concusskm caused by the fiill of a leaden bul- 
let But if any hard and angular substance, such as a minute 
portion of gun flint or even a grain of sand, be dropped into it, 
the bottom will crack all round and drop off. In perfiirmiog 
this experiment, if the glass be very brittle and the substance 
dropt upon it be very luird and sharp— « cut diamond fi>r in- 
gtance — ^this has been seen to pass through the thick bottom 
with apparentiy as little resistance as wpuld be ofifered by & 
cobweb. 

The greater comparative thickness of the bottom is an indis- 
pensable quality of these Bologna phials, and the more consid- 
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enUe this disproportion is made, the more easily will the dis- 
npdaa be efiected. Some of these vessels have been struck 
by a woodea mallet, and were miinjured, notwithstanding the 
force applied was safScient to drive a nail into most kinds of 
wood ; and yet the glasses broke readily when a small diiver 
of flint weighing aoly two ^p:aius was gently dropt within them. ' 
Flint being very hard, and its angles when fractured extremely 
sharp, its points of contact wiui the glass are exceedingly 
Bonll, so that the effect produced by even so very minute a 
portion of this substance will be compantively greater than 
would acc(»iipany the blow given }y a much larger but softer 
and less angular body, and which &r these reasons w<mld di- 
vide the shock between a greater comparative number of parti- 
cles of the fflasB. 

Another Sieory has been proposed in order to account for this 
singular property in certain ferms of unannealed glass. It has 
been imagined tbaX the sudden cooling of glass may occasion it 
to be more electric than is consistent with the cohesive attrac- 
tion of its particles, and that the sudden settin^r in motion of 
the electric fluid wUch £^asB contains, may occasion throughout 
the substance a propagation of the motion of that fluid, which 
will so-en accumulating within itself a Iforce too great to be at 
leng^ resisted. 

This theory is W no means free from difficulties, yet it seems ' 
to derive support nom a &ct which was developed in the course 
of some experiments made before the Roval Society, in which 
glass vessels, the thick bottoms of which were only sli^tly 
rubbed by the finger, broke aflier the interval of hau an liour 
had occurred from the time of rubbing. 

Rupert^s dbrops are small solid pieces of common green glass, 
which have been dropped while red-hot into cold water, and 
which are thus caused to take the form of rounded lumps elon- 
gated into a kind of tail. The spherical part will b«ur very 
rough treatment without injury ; but if the smallest portion of 
the tail be broken of!^ the whole article instantly bursts into a 
countless number of frag^nts, so minute as to produce only a 
slight stinging sensation in the hand by the sudden disruption. 
If one of th09e drops is ionmersed in a idiial or tall ^lass filled 
with veater, and its end be broken off with a pair of pmcers, the 
bulb will be rent so suddenly and with so great a rorce as will 
infidlibly break tlie vessel wherein it is contained. The stoutest 
wme or beer bottle would not be strong enough to withstand 
the shock. 

Messrs. Aikin completely destroyed this property in drops of 
this kind and in Bologna phials, by heating them to redness and 
then allowing them to cool gradiudly as in the annealing oven. 
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Not only wuH Iheir quality of bunting corrected by this 1 
ment, but the particles ot glass were made to assume a closer 
unioo diDong tbemaehes, which &ct was proved by the acq 
ment of a sensiblo increase in their Epecific gravity. 

The internal form of an annealing oven has been alread; de- 
scribed. Articles newly made are placed on the shallfiw tnjs 



previously mentioned, in the part of the oven moet exposed to 
the heat of the Sre, which, it will be remembered, is kindled 
under one end only. Each one d* these lier pans or fiaichea, ta 
it is filled, is pushed forward in the oven, towards the colder 
end, to make place for a fresh tray, until the articles, at lengtli 
and in succession, reach the &rthest extremity of the oven, 
whence they are taken, but little wanner than (he temperabne 
' ot> the atmoephere. 

By the gradual manner in which they have parted with th 
heat, time has been allowed for the regular contraction of the 
whole into an uniform and consistent substance. 

In (flasB-houBes where objects of various magnitudes and de- 
Bcriptiona are made, two or more of these annealing ovens tir- 
usually attached to each working fimiace. Pieces which irc 
large, and of CMtsiderable substance, requite that the oven ia 
which they are annealed should be made much hotter than >i 
necessary for thinner and smaller pieces. Glass which isafte^ 
wards to pass through the hands c^ the cutter is always made 
of considerable IhicknecB, and requires not only that the heU 
of the oven should be very considerable when it is Gist inserted, 
but that it should be withdrawn from this heat very ^dttall;; 
while, on the contrary, such articles as are very thu may be 
placed at first in a much more moderate temperature, and ni'~ 
pe removed altogether at the expiration of a tew hours. 
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>le by written eig^uutiou to iraptrt be 
Terr ^t i^^B ■>'* ^^ ''uly curious and interestuig one 
cf [be gUsB-bbwer. This difficu^ doe« itot arise m 
complexity in tbe manipulations. Although, in comnK 
Btulj all the manual ula, these call tor kne practice to 
pSciency, they are yet esceedinglv sini^e in their 
But there is something mixe than ordinarily striking — p 
crea, it nuy be said faeciitating — in watching the p 
Ihrougb which a substance, in its usual state rigid and n 
1 poyerh, passes, by rapid ctmversiea, ftom a gbwii 
ihipeleas lump to a perfect article of most elegant m 
ture. The absolute control which the workman eiercis 
ilE fbrai and substance ; the perfect ease and security 
witli he puUs, and twirls, and divides, and joins, a mattei 
we tie accustomed to handle with only gentJeness on 
never fail to excite a high degree of admiration even i 
who have had frequent q>portunities Gh witnessing tl 

The uousement to be derived frcm watching tiie opt 
onplt^ in raanv branches of manufectuie is probabi; 
emtertban would be imaged bypersoDswhonavs nc 
Jnlged their curiosity ; viA anaag these numufiwtul 
Ukki^ there are doubtless many that call in a higher 
iit oar udmiration as prooft of the genius and persever 
Dan, Ibere is not one calculated to aSord, for the tim 
giUificatioD than the operations of a glanJMnisa 
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Th« name of crown glass is given to the best kind t 
W'nnionly used in making windows, and for like purpcs 
"le composition of this materttd, no lead or metallic ox 
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ters u a fluxh^ agent A small quantity of mai^^aiiese is fre- 
quently used, and sometinies also a minute {X)rtkUL of oxide of 
cobalt ; but the ofcgect of these additions is the carrectkni of a 
Guilty cotor in ihe ghiss, arising from impurities in the sand and 
alkali This kind is, therefiire, much haider than flint glass, 
and would consequently be more dif9.cult to fiishion, if it were 
desired to give it any other fiffm than that of a plaae 8arfiic& 

The composition <n crown glass varies ooosiderably. Loysel 
has ^iven several diflbrent recipes for its fiirmation. That 
which he most recommendi^ statmg that it is employed at the 
extensive works of St Gobain, conasts of 

Fine white sand 100 parts. 

Carbonate of Hme 12 

Carbonate of soda, calcined, 45 to 48 
Clippings of crown glass . . 100 ; 
with such additions of manganese and oxide of cobnut, as may 
be^required to correct impurities and remove the color which 
they occasion. By proper carefulness in selecting and purify- 
ing the ingredients, the employment of these metiulic bodies is 
rendered unnecessary. 

Crown glass is generally made in France d 100 parts of 
fine white sand, 50 to 65 parts potash, 6 to 12 parts dry siaked 
lime in powder, and firom 10 to 100 parts of iMroken glass of 
similar quali^ : this composition is fi«quentl}[ enjoyed in 
that country nr tiie manumcture of common drinloB^ vesseh^ 
as well as of wmdow panes. 

In England, this material has usually been composed of fine 
Lynn sand, kelp, and skiked lifne ; the proportions of these in- 
gredients varying according to the quality of the kelp, some 
kinds of whjjch contain a greater amount of alkali than others. 
That from Ch'kney is consmered to be the best, not only on this 
accounti but also because the glass which is made of it moves 
of a better color than where ^otch or Irish kelp is employed. 
Tbs proportions when the kelp is of the best qinility are, 
Fine sand .... 5 bushels or 200 pounds* weight, 

Ground kelp . 11 S90 

Slaked lime 15 ; 

which ingredients are firitted in the calcar as already described, 
preparatory to their fusion. When put into the crucible, about 
half its weight of Inroken fflass, or, as it is called in the mana- 
fiictory, cullet, is added to me frit This compound requires to 
be kept in fusion at a high degree of heat during thirty-five to 
forty hours, in which time an intimate union of all the parts 
tajsm place ; the glass refines itself by throvdng off all its san- 
diver, and becomes perfectly transparent It is not advisable to 
use a larger proportion of broken and refuse glass than that 
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just mentioned^ because, by its long exposure to heat when in 
liigion, ghsa is made to give up a portion of its alkali, becoming 
harsher and less fusible. The quantity of glass usually em- 
ployed is serviceable by sooner bringing the pot to a working 
state ; but any larger quantity would, for the reason just stated, 
sensibly alter the quality of the whole contents of the crucible. 
The fragments, before they are used, are first heated, and then 
suddenly plunged into cold water, which renders it e»sy to re- 
duce them to powder. 

A very superior quality of crown glass is made by the mix- 
ture of 

120 parts by weight of White sand, 

60 Purified pearl-ash, 

30 Saltpetre, 

2 Borax, 

1 .... , Arsenic. 
If the color should prove yellow, this is corrected by the ad- 
dition of a small quantity of manganese. 
Another composition, cheaper than the foregomg, consists of 
120 pounds of White sand, 

50 Unpurified pearlwaflh, 

20 Common salt, 

10 Saltpetre, 

4 Arsenic, 

and 3 ounces of Manganese. 
This produces glass of a good and usefiil description, much em- 
ployed in the manufiicture of apothecaries* viak 

The late M. Gehlen, who was well experienced in the «zt 
of glass-making, composed crown glass of the following ina- * 
tenals* : — 

Sand 100 parts. 

Dry sulphate of soda . . 50 
Quick-lime in powder . 17 to 20 

Charcoal 4. 

In this case the sulphuric aisid in combination with the «wda is 
decomposed by the charcoal", and driven off during the fattan* 
leaving -the soda to unite with the sand. M. Gehlen made 
many experiments to ascertain the eflTects of various combuMi- 
tions with sulphate of soda, and found that tJiis salt could be 
used without the addition of any other saline flnx. If mixed 
with only sand, the vitrification was very imperfect even after 
long-contmued heat The addition of lime caused it to suc- 
ceed better, but the time and fuel required were still c^pcessive. 
When, however, by the addition of vegetable diarcoal, the sul- 

* Annalea de Cbimie et de Physique. Teviier, 1816. 
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phuric acid wu decompceed, and the powerflil afBnitv de- 
stroyed, which prevented the aodti from acting on the sand, vit' 
rificBtioD waa produced both perfectly and quickl]'. If used in 
any other proportioua than those above mentioned, M. Gehlen 
fiHind that the fusion wa« accompanied by disagreeable sulphui- 
ona odora, and by an extrBordinary eweuing over of the mate- 
tials. The decompoeition of the aulphats of soda may be 
efibcted with equal advantage, either during w befiue vitrifica- 
tion, Bccordin? as the choice t£ the mauu&cturer ma; be indo- 
enced by local circmnBtances. 

When the materiale are properly fiieed and refined by Ibe 
removal of all the glass gall, the woikman commences hia 
blowba' operations in exactly the same nianncr as baa alreaiJy 
been tfescribed in the [irocesa for making flint glass. By re- 
peated dippings of the iron tube into the crucible, he gaihere 
as much glass upon its end as experience teaches him will sof 
fice for the formation of & eheet of glass of Fhe usual size, aod 
which generally weiehs from ten to eleven pounds. This luaip 
he allows to project beyond the extreme end of the tube ; laii 
first rolling it on the iron plane before described, to giie the 
glasB a cylindrical form, he commences blowing, when it is- 
Bumee the shape of a pear. A fresh heatmg and a second bbw^ 
iug enlarge its dHnenaions, and render its sbape mcare globular. 
A third operation of heating and blowing still further enlafgca 
the mze Of the glasa, andr^uces its substance. The aide op- 
posite to the tuM is then flattened by [n«Bsure against a plane 



Fig. 10. 



surface ; a email portion of melted glass is collected on the «id 
of a punt, and is applied to the centre of this flattened side, 
fi»iiinig on union with it exactly opposite to the hoUow tabGi 
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which is then removed by wetting the glass near to their point 
of union, leaving a circular hole in the glass about two inches 
in diameter. 

At this period the glass must be again held to one of the 
openings of the furnace until it has become sufficiently hot and 
ductile for the further alteration of its shape. The workman 
then dexterously twirls the punt in his hand, slowly at first, 
and then more and more quickly, when the glass yields to the 
centrifugal impulse; its diameter becomes greater and greater; 
the hole just mentioned expands proportionally ; and when in 
this continued progression the doubled portion opposite to the 
iron rod, and between the periphery of the glass and the ori- 
fice, is diminished to an annulus or ring only a few inches 
wide, this in an unaccountable manner instantly flies com- 
pletely open, and the ^lass is converted into a plane disc of 
fifty to sixty inches diameter, having an uniform thickness 
throughout the entire plate, with the exception of the spot 
where it is attached to the iron rod, and where there is a knot 

JF^. 11. 




or lump which is called a bulTs eye. Twelve of these plates 
make up what is called a crate or side of glass. 

The efifect of this operation upon persons who witness it for 
the first time is both pleasing and surprising in a high degree. 
The force wherewith the ^lass flies open at the close or the 
process would be sufficient, if its brittleness were not removed 
by heat, to break it into innumerable fragments. 

ThQ plate, when thus finished, is detached from the iron rod 
hy the usual method, and placed resting on its edge in the ao- 
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nealing oved. Borne considerable caie is necesBaxr ftr r^rola. 
ting the temperature at this stage ; for if the heat be too .gieet, 
the softened glass will bend, and for that reason will be Msen- 
ed in value, whil^ if the oven be not 6officiently*hot» the plates 
are very likely to crack; and if even this disaster diould not 
happen, the ^lass will prove of inferior quality, and 80 bcittle, 
t^t the glazier will be unable to cut it with any degree of cer- 
tainty in the wiahed-&r direction. 

Crown glass is sold, according to its quality, under ftnr di^ 
ferent denominations — ^firsts, seconds, thirds, and fburtba'^-at 
considerable difference of price ; that of the feurth quality not 
yielding to the manufacturer nearly one half of the price of 
the first These variations arise principally from the want of 
sufficient care on the part of the attendants, in maintaining the 
necessary degree of heat in the furnace. If this is <nce snar- 
ed to fidl, the property of glass in being a very imperfect con- 
ductor of heat renders it difficult again to raise it to the former 
degree. In the operations of a large glass-house, it does not 
often happen that beyond one third of 3ie quantity made is of 
the first quality ; seconds and thirds compose the largest propor- 
tion of the produce; and it seldom occurs that the qmdity 
sinks below tiie latter of these two denominations. 

Large plates ofciown glass, such as are required for glazing 
engraved prints, used formerly to be imported from Germany. 
This countiy has, however, for a long time, been not only in- 
dependent in this respect of all foreign manu&cturers^ hot 
similar plates of English make are exported to a considenLUe 
extent 

Broad ^laas is a common coarse description of window glass, 
made of inferior ingredients, and by a somewhat difi^rent pro- 
cess of manu&cture than that last described. The material 
principally employed for the purpose is soap-boiler's waste. 
This compound is a pasty mass, consisting of the insoluble mat- 
ter of the kelp or barilla, and of the lime which has been used 
to render the alkali caustic, together with a quantity of salt 
and water. This substance is united with kelp and «ind, and 
the mixture is dried and fritted. The proportions wherein the 
ingredients are used necessarily vary according to the quality 
of the principal constituents, and the manufacturer must be 
guided by practical knowledge in apportioning the quantities. 

A very usual mixture is six measures of soap-boiler's waste, 
three of kelp, and three to four measures of sand. The quality 
of the last or these ingredients is of greater moment to the 
manufiu;turer than would seem to te generally imagined. 
Coarse sand is known to require a greater quantity of alkali 
for its fusion than that which is fine ; and as, notwithstanding 
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tfaiB, the glass when made does not contain the alkali in a 
hx^r ptoportion, it follows, that the difierence has been dissi- 
pated and lost during the process. The carbonaceous matter, 
which would injure the color of the glass, is principally burned 
out, and the carbonic acid gas separated during the fritting ; 
after the completion of which, the mass, still red-hot, is re- 
moved with iron shovels to the melting ^nace, the crucibles 
are entirely filled, and after twelve or sixteen hours' exposure 
to the proper degree of heat, the whole is perfectly vitrified. 

The formation of this ghss into sheets is thus performed : — 
The necessary quantity bemg collected upon the end of the 
iron tube, as already described, is expanded by the workman's 
breath into a globular, or rather into an elliptical shape, of about 
twelve inches diameter, and of the requisite thickness. This 
done, the glass is carried to the mouth of the oven ; and the end 
of the tube tiirough which the workman has blown being 
closed, the fiirtber expansion by heat of the confined air causes 
the glass to burst in its weakest part While still hot and duc- 
tile, it is tiien opened by a pair of shears through its entire 
length into a flat plate, whicn is then conveyed to the anneal- 
ing oven. 

More than one half of the entire manufiicture of glass in 
Great Britaui is composed of common sreen bottle glass. The 
quantity of this material upon which duty has been levied, on 
an average of the last six years, exceeds 11,000 tons annually. 
However considerable this amount may appear, it is not greater 
than the annual average manu&cture of a sunilar period com- 
mencing in the year 1790,— a feet which may be thought ex- 
traordinary, when it is considered that during the intervening 
years our population has been importantly augmented ; that the 
comforts, and even the luxuries of life, have been brought with- 
in the reach of a mudi larger proportion of our fellow-country- 
men; and that our colonial markets have, in the same time, 
been very cMisideraWy extended. The circumstance of the 
rate of duty having been doubled would hardly appear cause 
sufficient for thus arresting the progress of consumption in an 
article so generally requn-ed; smce this duty, at its highest 
rate, has never exceeded eight shillings per hundred weight 
A more minute examination into the case leaves us, however, 
witfiout any reason for doubting that to the increase of the 
rate of duty, and to it alone, is to be ascribed the check given 
to this branch of manufecture. In the year 1812, when the 
duty was 4». OJrf. per hundred weiffht, upwards of 13,000 tons 
of common bottle glass contributed towards the revenue. In 
the succeeding year, when an additional tax of 4s. ^d. was 
imposed, the consumption immediately fell to somewhere below 
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8000 ton& From this extreme depresnon it has since mdu- 
ally risen^ through the increasiDf nmnbers and improved con- 
dition of the commumty, and aided by a diminution of price, 
independent of the duty; but even now the nuurofacture has 
not reached within 2500 tons of the point which it had attain- 
ed m the year 1812 ; thus in a very striking manner veriQring 
the remark so often made as to the variance between commoQ 
and legislative arithmetic, and proving the pernicious tendency 
of taxes levied upon articles of domestic manufacture. It is to 
be hoped that the improvement of the national levenue conse- 
quent upon the progressive state of our manu&cturin£r inte- 
rests, and the constantly ameliorating circumstances of many 
classes of the community, will enable the government to carry 
speedily into effect a measure already announced fi>r abolishing 
entirely the duties upon glass of home &bric, when this branch 
of the manu&cture will assuredly receive an impulse that will 
carry it &r beyond the highest point to which it has ever yet 
attained. 

The composition of bottle glass is as little unifi)nn as that of 
any other description of the material; varying greatly in differ- 
ent parts of the kingdom, and indeed in almost every individ- 
ual manu&ctory. It is usually made of sand, lime, and some^ 
times clay, any kind of alkali or alkaline a^es which may hap- 
I>en to offer the greatest inducement in point oS. price, and some- 
times the vitreous slag produced from the ^si<m of iron ore. 
Soap-makers' waste is frequently used in Uie proportion of three 
measures to one measure of sand. 

The rate of duty upon this description of glass being only 
one eighth of that levied upon flint glass, the manu&ctureis 
are restricted to the use of the commonest kind of sea or river 
sand, lest the revenue should suffer by the superior quality of 
this less burdened ware. This is unfortunate, since, for the 
reason already given, the employment of such coarse sand oc- 
casions the necessity for using a large portion of alkaline mat- 
ter, and, in that respect, increases the charges to the glass- 
blower. The impuri^ of the alkali, and the abundance offlux- 
in^materials of an earthy nature, joined to the very high degree 
of neat at which they are fused, occasion the glass to contain a 
very small proportion of real saline matter ; for which reason it 
is better (qualified than flint glass to be employed as the reciiH- | 
ent of fluids which have any corrosive action. Chemical re- 
torts and subliming^ vessels, and carboys for containing aqua- 
fortis, should, for this reason, be always made with this common 
glass, which has this further advantage over flint glass— that it 
will bear a much stronger heat without being soflened or un- 
dergoing any alteration of its shape. 
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Bottle ghtsB ii a vwy haxd and well vitrified subBtance, and 
is of less specific gravity than other descriptiona Loysel gives, 
as the coropoeition osually employed in fWce for the produc- 
tion of this material, — 

Coomion white or yellow sand . . 100 parts. 



•••••••••• 



30 to 40 

160 to 170 

30 to 40 

80 to 100 



Coarse kelp 

lixiviated earth of ashes . 

Fresh wood or other ashes 

Yellow clay, or brick earth 

!&oken glass ad lUntum, usually 100 ; 
which composition does not produce any glass gall. 

At Newcastle upon Tyne, where the manufacture of bottle 
glass is much encouraged by the excessive cheapness of small 
coal, or slack, the manufacturers employ a mixture of lime and 
sea sand. This must be frequently wetted with sea water, 
which, on evaporating, deposits its salt; the soda contained in 
this beinfi* the only [Qkali employed. When combined with 
silica, and exposed to a high degree of heat, lime appears to be 
endued with the property of decomposing common salt; its 
I^esence is, therefore, essential to the success of this operation. 
Articles made of bottle glass are fashioned by the same pro- 
cess as those of flint glass, with the exception of wine and beer 
bottles, the containing parts of which are blown in metallic 
I'lMMilds, in order to keep them nearly of an uniform size. The 
green color of this glass is owing to the presence of a portion 
of iron in tiie sea sand, and, probably also, in the vegetable ashes 
of which it is composed. 

IC during the time when the workmen are employed in 
moulding and blowing bottles, the melted glass should — as in- 
deed it frequently wifl — ^become cooler than is desirable for the 
Purpose, so that it is found necessary to replenish the fire, so 
niuch dust will be thus occasioned, owing to the description of 
coal employed, that the surfece of the melted glass will be cov- 
ered with carbonaceous matter. The efiect of this upon the 
contents of the crucible is very curious. The glass, which had 
oefore remained perfectly quiet, becomes suddaily so disturbed 
throughout as to present the appearance of violent ebullition, 
^ the whole mass is immediately crowded with an infinite 
Bumber of minute air-bubbles, which, so long as they are suflfei^ 
^ to remain, render the glass wholly unfit for use. 

The time that would be required for burning away this ca^ 
wnaceous deposit, and to restore the glafjs to its former working 
^te, would be so considerable, that it would be highly incon- 
venient to wait for the jwroduction of this effect ; and it is there- 
we fcrtunate that a simple remedy has been discov«ed| which 



"twj^ 



153 GLASS XAlHTFACTinUS. CHAlP. V. 

immfidiately and p^ectly restores every thing to ite ftnner 
state. 

Whenever the accident here mentioned occurs, the work- 
man has only to throw a small quantity of water into the cruci- 
ble, when the whole mass will be immediately stilled, and the 
bubbles will as instantly disappear, so that the workman may 
proceed without further delay. This curious effect has been 
referred to the decomposition by heat of the water, which, giv- 
ing up its oxygen to the coal-dust, converts it into carbonic acid 
gas ; in which form it is instantly driven off by the excessive 
heat of the furnace, and is dissipated in the atmosphere. 

In 1780, the celebrated M. Chaptal recommended M. Ducros, 
a manu&cturer of bottle glass, to make trial of a new material 
for his purpose. This gentleman entered in consequence upon 
various experiments, which were, many of them, to a certain 
extent, successfoL The substance tnus recommended, and 
which formed the basis of these experiments, was decomposed, 
pulverulent, basaltic earth. This is found in great abundance 
m many parts of France, and is equally obtains9)le in the valleys 
of all basaltic countriea 

In the first trial made of this earth by M. Ducros, it was fused 
in a glass pot without admixture with any other substance; and 
tiie residt obtained was glass of an exceedingly deep yellow 
color, and lustrous. In subsequent experiments, various pro- 
portions of sand were used in conjunction with the basaltic 
earth. The mixture that was found to answer the purpose best 
was where equal parts of each ingredient were employed* This 
produced glass of an olive green color. 

There was for some time a considerable demand for bottles 
thus composed; but owing to a difficulty which the manu&c- 
turer experienced in procuring materiais having the requisite 
uniformity in their constituent parts, the manu&cture was^ after 
a time, abandoned. 

M. Alliot has published the results of a course of experiments 
made by him with basaltic earth, with a view to the composi- 
tion of glass. Not being able to have recourse to the fiirnace 
of a gk^house, M. Alliot was obliged to content himself with 
the less intense heat of a potter's kiln, wherein the different 
mixtures which he employed were severally heated during 
eighteen hours. It is probable that the results which he has 
detailed would have proved more satis&ctory, could recourse 
have been had to a more efficient mode of heating. The ex- 
periments were all conducted in crucibles. 

Na 1. was filled with the pure basaltic earth. This, in fusins; 
was converted into a black glass, which was opaque, and tau- 
erably well melted; 
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Na % contained a mixture composed in equal parts of basalt, 
ashes, and white quartz in powder. This produced a coffee- 
colored glass, which was lustrous, and somewhat resembled 
porcelain in appearance. 

No. 3. was charged with half basalt and half common sand. 
The glass produced from this compound appeared, when in 
the mass, of a blue-black color; but when small thin portions 
were examined, these proved of a yellowish green. This 
glass was tolerably well melted. 

Na 4. consisted of one third each basaltic earth, sand, and re- 
cuse soda. The result was a transparent glass of a greenifdi 
yellow color, and of good quality ; it was very SDK)oth and 
shining, well melted, and would have formed excellent bot- 
tles. 

Na 5. consisted wholly of sand taken from the river Orb, in 
the immediate neighborhood of which there is found a con- 
siderable quantity of basaltic earth. The glass from this sand 
was well melted and appeared to be every way adapted for 
the manufacture of very good and serviceable glass botUea 

This basaltic earth is exceedingly well qualified both for fu- 
sion by itself; and for employment as a fluxing material where 
ol^er substances are used. It is found, by amilysis, to contain 
about 45 parts of sUex, 16 of alumine, 20 of oxide of iron, 9 of 
lime, and from 2} to 4 parts of pure soda ; three of these sub- 
stances being very powerful fluxes. 

Some other minerals have been proposed, on account of the 
soda which they contain, as well qualified for making glass: 
such, for instance, is klmgstein^ which contains nearly one 
tweUlh pert of its weight of that alkali ; but as the other flux- 
in? materialB present in basaltic earth are wanting in those 
other minerals, they prove far less fusible. 

Whenever basaltic earth is largely employed in the compo- 
sition of glass, it usually proves of a dark olive green color, 
drying sometimes to a very deep yellow ; and it does not ap- 
pear at all probable that this color could in any material degree 
be corrected. The glass produced is specifically lighter than 
any common green bottle gla8»; and at the same time is con- 
siderably harder and tougher, so as to bear, without injury, 
blows which would mfidlibly break ordinary fflass. The quan- 
tity of alkali which it contams is small — ^much smaller, in fiict, 
than is required to bring glass of every other description to a 
workable state. For this reason basaltic glass is peculiarly well 
qualified for chemical purposes ; as vessels made with it will 
resist the destructive action of corrosive liquids. 

In addition to the experiments already detailed as having 
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been made by him with basaltic earth, M. Alliot made trial of 
various other combinations for the production of bottle g^lasB. 
He succeeded with the two following : — 

The first was a mixture in equal parts of ashes and a volca- 
nic granite. This fused perfectly, and produced a very fine 
dark and lustrous glass, exceedingly well qualified for the com- 
position of bottlea The second was composed of IjffTt ordi- 
nary soda, 12 parts ashes, and 6 parts common sand. The glass 
thus formed was of a yellowish black color, interspersed with 
veins of bluish white, which were opaque. 

When the duty shall be removed, and the manufacturer finds 
himself without restriction in regard to the materials which he 
may employ, we may expect to witness some considerable im- 
provements in this branch of the glass-maker's art 
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OF THB HANUFACTUBB OF FLATS GLASS. 

Different Deseriptiona of Plate Glass.— Blown Plates linited in Sixe.-€ait 
Plate Works at Ravenhead.— Difficulties of tbe Process.— Materials.— Vi- 
rions Compositions. — Borax. — Mixing Materials. — Fritting. — Foraaoes 
and Grucioles at St. Gobain.— Pots.— Cuvettes.— Regulation of Firing.— 
Casting Tables. — Arrangement of Foundery at Ravenhead. — AnDea&Bf 
Ovens.— Process of Casting Plates. — Annealing.— Squaring.— Grinding.— 
Economical Improvement.— Smoothing. — Emery Powder. — Comparative 
Value of Large and Small Plates.— Polishing.— Silvering.— Preparation of 
Amalgam.— Mode of its Application. — Blowing Plate Glass. — Punching.— 
Partial Cutting.— Transfer to Pontil.— Completion of Cutting.— Opening. 
—Sizes of Pla,te8.— Eflfect of Sun's Rays in Discoloring Plate Glass. 

Two descriptions of plate glass are made: one by blowing 
and'opening, in the manner of broad glass, as already described; 
the other by casting the melted materials upon a plane metallic 
sur&ce, somewhat in the manner pursued fi>r making sheet 
lead. 

Plates of glass which are blown are necessarily limited in 
their size, although some of considerable dimensions are pro- 
duced in this way. When cast, the extent of the plates may 
be much greater ; and, indeed, is limited only by the veiy heavy 
expense attending the erection of machinery, and the prosecu- 
tion of the manv&cture in its various parta Different manu- 
fictories have been established at various times in this lungdom 
far the production of plate glass by blowing, but these, cme after 
another, have mostly been discontinued. The last estaUisb- 
ment of this kind in London existed a very few years since in 
East Smithfield ; but being a private establishment, and the 
proprietors finding it impossible to continue a successful compe- 
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tition with the powecfhl corporate body alluded to in the first 
chapter of this treatise, the works have been discontinued ; and 
the only place in Euj^land where plate glass of any great mag- 
nitude is now manumctured, is on the premises of the Briti3i 
Plate Glass Company in Rayenhead, in Lancashire, where 
plates are cast which equal, in every respect, the produce of 
the French manufactory at St Gobam. The office of this cor- 
poration is at the ^t of Blackfriars Bridge, in London ; and 
here plates of glass of the most perfect quality, and of all di- 
mensions up to the prodigious length of 160 inches, may at aU 
times be procured. 

Great reluctance has always been evinced by the proprietors 
of plate glass works to permit their examination by visitors. 
Persons are, indeed, occasionally admitted to view the myste- 
ries: but, either by their habits and rank in life, such individ- 
uals are unqualified or unlikely to describe what they witness ; 
or the relaxation is made in their favor under a seal of confi- 
dence, which renders it impossible that they should impart the 
informatuHi they have acquired. The late Mr. Parkes appears 
to have been fortunate m this respect ; and having obtained 
permission to visit the works at Ravenhead, was not restrained 
fiom publishing a short, but interesting, account of the pro- 
cesses which he witnessed. From this source the following 
description is drawn, as &r, at least, as relates to the buildings 
and arrangements particularly used at Ravenliead. 

More care in the choice of materials, and greater nicety in 
conducting the processes, are required for the preparation of 
plate glass than are needed in any other branch of the manu- 
^ture. The materials employed are sand, soda, and lime, to 
which are added manganese and oxide of cobalt as decoloring 
8uh6tance& The sand must be of the finest and whitest kind : 
the grains should be sharp, and of a moderate size ; if very 
small, they are likely to clot togetiier, and consequently will 
not mix intimately with the alkdi ; and if the grains are large, 
they are on this account Icmger in being fused. The sand 
pAust be passed through a wire sieve of the proper closeness 
into water, and should be well agitated to separate all dirt and 
nnpurities. The alkali used is ^ways soda : this is i»'eferred 
to potash : as glass made with the former substance is thinner, 
and flows better while hot, and yet is equally durable when 
cold. The quality of flowing fireely is of the very first import- 
ance in casting large plates, which, to be perfect, require to be 
without streak or bubble. Another advantage attending the use 
of soda ia this ; — ^that the neutral salts of which it is the base, 
SQch as muriate and sulphate of soda, and which, in this in- 
B^ance, constitute the glass gall, are dissipated more readily by 
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the heat of the fttmace, than are the salts of which potash is 
the hase. The soda must he used in a state of considerable pu- 
rity ; and is generally either that which is separated from the 
a^es of barUk, and other soda plants, by lixiviation, or is pro- 
duced by the decomposition of common salt 

Lime acts in promoting the fusibility of the silex and alkali, 
fulfilling thus the same office as is per&rmed by litharge in the 
manu&jcture of flint glass. From one fifteenth to one twenty- 
fourth part of the whole materials is the largest proportion that 
can properly be used of lime ; any greater quantity would im- 
pair boUi the color and solidity of the glass. 

Manganese would have the effect of giving a slight tmge of 
red ; but when mixed in a proper proportion with the blue of 
the cobalt, and both toother are met by the natural slight yel- 
low of the other materials, each neutralizes the other, so that 
scarcely any definable tint remains. 

In addition to these ingredients, a considerable quantitjr of 
fragments of glass, or, as it is called, cuUet, is used in combma- 
tion with the fresh materials. Of these fragments there is al- 
ways an abundant supply in the glass-house, produced from 
what is spilt in casting, and from the ends and edges that are 
cut off in shaping the plates. This broken ^lass, or ctdlet, is 
previously made^friable, by throwing it, while hot, into cold 
water. 

It is considered that the addition of one pound of {hire soda is 
sufiicient for lour pounds of sand. But it is not enough, in the 
preparation of glass ibr casting, to apply the alkali only in the 
proportion necessary to produce good glass; much more than 
this must be used, in order to procure the requisite degree of 
fluidity. 

The composition given by Loysel as bemg used in the great 
works at St Gobain is this : — 

White sand, 100 parts 

Carbonate of lime, 12 

Soda, 45 to 48 

Fragments of glass of like quality, .... 100 
Oxide of manganese, 0^ 

Parkes recommends the following proportions, as qualified to 
produce plates of glass of the best description:— 

Lynn sand, previousl}^ well washed and dried, . . 720 parts 
Alkaline salt, containing 40 per cent of soda; . . 450 

Lime, slaked and sifted, 60 

Nitre, ^ 

Gullet, or broken plate glass, 425 

1700 
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These quantities are required to produce one pot of metaif which 
will yield 1200 pounds of good plate glass. 

Another author states the foUowmg proportions as being 
found to produce very fine glass; — 

Fine white sand, 900 pounds 

Soda, 200 

Lime, 30 

Oxide of manganese, 32 ounces 

Oxide of cobfdt, 3 

Fragments of glass, 300 pounds 

The well-known property of borax, as a powerful flux, has 
occasioned the suggestion that, by its means, glass made with 
potash might be caused to flow m fusion as freefy as that where- 
in soda is employed. It has been asserted that small quantities 
of borax have always been used in the works at St Grobein ; 
but the secrecy observed in regard to all the oj^rations carried 
on in that establishment renders it impossible to say what de- 
gree of truth there is in the assertion. 

Great care is required in mixing the materials ; much more, 
indeed, than is called for in regard to other kinds of glass, llie 
auid, lime, soda, and manganese, being properly intermingled, 
are fritted in small furnaces, wherein the temperature is grad- 
ually raised to a fiill red, or even to a white, heat, at which 
point it is maintained, and the materials are careftilly stured 
until vapor is no longer given ot£, and no further change is un- 
dergone by the materials. This process of fritting lasts about 
six hours ; and when it is neark completed, the remaining part 
of the ioCTedients, consisting of the cobalt and broken glass, are 
added. The latter, having luready been perfectly vitrified, does 
not, consequently, require any lengthened exposure to the fire. 

The furnaces at St Gobain, in which the perfect fusion and 
vitrification are accomplished, are eighteen feet long and fifteen 
wide. They contain two kinds of crucibles. The larger ones, 
wherein the glass is melted, are called pots, and are formed 
like inverted truncated cones ; the other crucibles, which are 
^^r, are called cuvettes: these last are kept empty in the 
fiiniaees, exposed to thefiill degree of its heat, that when the 
glass is ready fer casting, and is transferred to them, they may 
not injuriously lower its temperature. The comparative size 
^ these cuvettes varies according to the dimensions of the 
plates which it is intended to cast : when these are very large, 
^e cuvette wUl contain one third of the charge of the pot; but 
^ other cases its capacity is not greater than a feurth, a fifth, 
or a sixth part, of the contents of the crucible. 

^he method used fer regulating the supply of fuel to the for- 

O 
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nace in the great works of St Gobain, is at once so rude and 
so absurd, that one would hesitate to believe in the correctaess 
of the narration, if it did not rest upon good authority. It is 
said that two persons are employed, who, being disencumbered 
of all superfluous clothing, incessantly run round the furnace 
with a speed " equal to seven leagues in six hours." These 
men on their circuit take up each two small billets of wood, cut 
to a certain size, and heaped together ; these they deposit as 
they run, first one and then the other, in tlie openings of the 
furnace, which by such means is fed at regularly recurring in- 
tervals of time. Having continued this intellectual employ- 
ment, without ceasing, during six hours, the men then surren- 
der their '* seven league boots" to others, whose heels and hands 
are similarly employed during an equal period of time ; aAer 
which they are in turn relieved by the first set of coiuriera 

From the time of filling the pots, it requires nearly forty 
hours' exposure to strong neat, ere the materials are properly 
vitrified and in t state fit for casting. The processes of fOling 
the pots, and of removing the glass gall, and the various ap- 
pearances that ensue in the refining, are precisely similar to 
what has already been described in a former chapter. 

When the glass is thoroughly refined, the cuvette — ^which 
must be perfectly clean, and, as already mentioned, of a tem- 
perature equal with that of the glass — is filled in the following 
manner: A copper ladle, ten to twelve inches in diameter, 
fixed to an iron handle seven feet long, is plunged into the glass 
pot, and brought up filled with metal glass, which is trailer- 
red to the cuvette ; the ladle, during this transference, is 
supported upon a strong iron rest, placed under its bottom, 
and held by two otlier workmen. Tliis precaution is neces- 
sary to prevent the bending and giving way of the red-hot 
copper under the weight of fluid glass which it contains. When 
by successive ladings the cuvette is filled, it is suflTered to re- 
main during some hours in the furnace, that the aii-bubbles 
formed by this disturbance may have time to rise and disperse; 
an effect which is ascertained to have ensued by the inspection 
of samples withdrawn from time to time for the purpose. 

Another essential part of the apparatus consists in flat tables 
whereon the plates of glass are cast. These tables have per- 
fectly smooth and level metallic surfaces, of suitable dimen- 
sions and solidity, supported by masonry. At St Gobain, and 
formerly also at Ravenhead, these tables were made of copper; 
the reason assigned for preferring this metal being, that it does 
not discolor the hot melted glass, while tlie use of iron was 
thought to be accompanied by this disadvantage. These copper 
tables were very costly, both from the nature of their material, 
and the labor bestowed in grinding and polishing their surfaces; 
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and as the sudden access of heat that accompanied the pouring^ 
over them of sach a torrent of melted glass occasioned the 
metal frequently to crack, the tables Were by such an accident 
rendered useless. The British Plate Glass Company having 
experienced several disasters of this nature, its directors deter- 
mined upon making trial of iron ; and they accordingly pro- 
cured a plate to be cast, fifteen feet long, nme feet wide, and 
six inches thick, which has fully answer^ the intended purpose 
— ^having*, during several years of constant use, stood uninjured 
through all the sudden and violent alternations of temperature 
to which it has been exposed. This table is so massive, weigh- 
ing nearly fourteen tons, that it became necessary to construct 
a carriage purposely for its conveyance from the iron fbundery 
to the ffuuss-house. It is supported on casters, for the conveni- 
ence of readily removing it towards the mouths of the different 
annealing ovens. 

The foundery at Ravenhead wherein this table is used is said 
to be the largest room under one roof that has ever yet been 
erected in this kingdom ; it is d39ifeet long, 155 wide, and pro- 
portionately lofly. Westminster Hall, to which the superioritv 
m this respect is so commonly ascribed, is smaller — its length 
bemg 300, and its breadth only 100 fe«t The melting fiir- 
naces, which are ranged down the centre, occupy about one 
third of the whole area of this apartment The annealing ovens 
are placed in two rows, one on each side of the foundery, and 
occupy the greatest proportion of the side walls. Each of these 
ovens is sixteen feet wide and forty feet deep. Their floors 
being level with the surface of the casting table, the plates of 
glass may be deposited in them immediately after they are cast, 
with little difficulty and without delay. 

When the melted glass in the cuvette is found to be in the 
exact state that experience has pointed out as being most fa^ 
vorable for its flwmg readily and equably, this vessel is with- 
drawn from the furnace by means of a crane, and is placed 
upon a low carriage, in order to its removal to the casting table, 
which, as it is previously placed contiguous to the annealing 
oven that is to be filled, may therefore be at a considerable dis- 
tance from the melting furnace. Measures are then taken for 
cleaning the exterior of the crucible, and for carefully removing 
with a broad copper sabre any scum that may have formed upon 
the surface of the glass, as the mixture of any of these foreign 
matters would infallibly spoil the beauty of the plate. These 
done, tlie cuvette is wound up to a sufficient height by a crane ; 
and then, by means of another simple piece of mechanism, is 
swung over the upper end of the casting table ; and being 
thrown into an inclined position, a torrent of melted glass is 
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nddealy pomed out on the Mirfiuie of the table, which ir 
freviooB^ have been heated, and wiped perfectly clean. 
Fig. IZ 



The glftsH is prevented from nmaing off the sides of ihetaUe 
by ribs of metai, one of which ia placed along tie whole length 
of each Hide, their depth being the exact moamire which it ia 
desired to give to the thickness of the glas. A aimilar rib, at- 
tached to a cioes piece, ia tempMarily held, during the caieting, 
at the lower end of the table. When the whole contents rt 
the cniciUe have been delivered, a large hollow copper cylin- 
der, which has been made perfectly true and anuxith in a turn- 
ing-lathe, and which exlenda entirely acroea the table, Testing 
on the side ribe, ie aet in motion ; and the ghx, during its pro- 
gress, ia apread out into a aheet t^ uniform brWth and thick- 
ness. Its length depends upm the quantity of melted glas 
contained in the cuvette .* should this be more than is DMded 
for the formation of a ptate having the full dimensions of the 
table, the metal rib is removed fiom its lower pert, and the boi- 
plus giaea is received in a vessel of water placed under the e» 
treme end for the purpose. 

Mr. Parkes, in speaking of Ihia opetatjoo, remarks — "The 
■pectacle of such a vast body of meUed gbsB poured al ones 
&aia an immense crucible, on a metallic table of great magni- 
tude, is truly grand ; and the variety of colors which the plate 
exhibits immediately after the roller has passed over it, renden 
this an operation iiur more qtlendid and iaterestbg than can 
poeaiblf be described." 
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At least twenty wgrkmen are busily employed during this 
process of casting. From the time that the cuvette is removed 
from the furnace, to the completion of the casting by the hard- 
ening of the glass, the apartment must be kept as free as pos- 
sible from disturbance ; even the opening and shutting of a door 
might, by setting the air in motion, disturb the sur&ce of the 
glass, and thus impair the value of the plate. So soon as it is 
completely set, the plate is carefully inspected ; and sho)ild any 
&WS or bubbles appear upon any part of its surface, it is im^ 
mediately divided by cutting through them. 

When the plate of ^lass thus formed has been sufficiently 
fixed by cooling, it is slipped from the table gradually and care- 
fully into one of the annealing ovens, where it remains in a 
horizontal position ; its treatment differing in this respect from 
that pursued with crown and broad glass, which stand on edge' 
during the annealing process. As each oven in this manner 
becomes filled, it is closed up by an iron door, the crevices of 
which are carefully stopped with mortar or clay, to prevent 
any access of external air to the oven ; and thus to provide as 
far as possible for the gradual cooling of the plates, the neces- 
sity for which hajs already been sufficiently explained. When 
the glass has remained during about fifteen days in these ovens, 
they are opened, and the contents withdrawn. 

The plates have then to undergo all the operations of squa- 
'"!&> grinding, polishing, and silvering, in order to fit them for 
sale. 

The first process — ^that of squaring and smoothmg the edges 
— ^is performed by passing a rough diamond along the sur£ce 
of the glass, guided by a square rule ; the diamond cul^ to a 
certain depth into the substance, when, by gently striking the 
glass with a small hammer underneath the part v^ch is cut, 
the piece comes away ; and the roughnesses of the edge thus 
left are removed by pincers. The plate is then taken to the 
grinding apartment ^ 

The next step is to embed each of the plates upon a table or 
frame adjusted horizontally, and made of either freestone or 
wood, cementing the glass securely thereto by plaster of Paris. 
One plate being then reversed and suspended over another, the 
material employed in grinding their surfiices is introduced be- 
tween the two, and they are made to rub steadily and evenly 
upon each other by means of machinery set in motion by a 
steam-engine. It was formerly usual to employ river sand and 
wat^r, for the purpose of abrading the surfaces; a circumstance 
which entailed considerable waste and loss upon the manufiic- 
turers. The glass which was ground off, and which usually 
amounts to one half the weight of the plates as they are cast, 
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being thus lyixed with a material which contained a portion cf 
iron, was sold at a low rate for making bottle glass, or for 
scouring pewter. Mr. Parkes has calcukted that the loss of 
glass by this means to one establishment — ^that which was car- 
ried on in East Smithfield — amounted to two tons weekly ; and 
that the expenditure of sand in the same period was at least 
sixteen to twenty tons. 

A method has, however, been devised for saving the whole 
of this glass, so as to render it available for the manu&cture 
of the ^tter descriptions. This plan consists in substituting, 
for the river sand before mentioned, ground flints, which con- 
tain no portion of iron. A further great advantage attending 
this method is, that one ton of grouiKl flints is equally effective 
with five tons of sand, and that the operation is completed in a 
shorter time than formerly. 

When one side of each plate has been sufiiciently ground, it 
is loosened fix>m the frame, and turned over, so a^ to present 
the other surface to be ^ound in the same manner. Some de- 
gree of pressure is em^oyed, by loading the upper plate with 
weights as the grinding^ of each side approaches to completion. 
The process thus described used formerly to last during three 
entire days, but this time ia now much abridged. The greatest 
attention is required, in order to finish with the sur&ces per- 
fectly level and parallel, for which end a rule and plumb line 
are employed. 

By means of this grinding, the plates will have been made 
level, and all inequalities m the surface will have been re- 
moved ; but they are too rough to receive a polish : to fit them 
fi>r this, they must again be ground with emery powder €£ in- 
creasing degrees of fineness. The preparation and sorting of 
this po\^def are eflected in the following simple and ingenious 
manner"— 

A considerable quantity of emery is put into a vessel con- 
taining water, and is stirred about violently until the whole is 
mechsuiically mixed with the water. Emery is absolutely in- 
soluble by such means ; and if the mixture were left at rest 
during a sufficient time, the whole would subside in layers; 
the coarsest and heaviest particles sinking first, and so on suc- 
cessively, until the very finest particles would range themselves 
as the upper stratum. Previously to this, however, and while 
these finest grams are still suspended in the water, it is poured 
off into a separate vessel, and the emery is tiiere allowed to 
settle. A fresh supply of water is poured into the first veaael, 
the contents of which are again violently agitated, and aDowed 
partially to subside as before. A shorter interval is allowed fat 
this than in the first case ; and then the liquor is poured off into 



CRAP. VI. 



PLATE 6IA8S. 



103 



a thiid vessel, by which means emery of the second decree of 
fineness is separated. This operation is repeated, in order to 
obtain powders having four different degrees of fineness : the 
deposits are then separately dried upon a stove to a consistence 
proper fi>r making them up into small balls, in which form they 
are dehvered to Sie workman. 

In this further rubbing together, or, as it is called, smoothing 
of the glass plates, it must be understood that the coarsest 
emery is first used, and so on, substituting powders having in- 
creasing degrees of fineness as the work proceeds. 

This operation completed, the glass is perfectly even ; and 
although the sur&ces appear opaque or deadened, they are so 
smooth that no scratchiness is at all perceptible. The plates 
are now again subjected to a rigid examination ; and should any 
flaws or defects be perceptible in them, which had before es- 
caped detection, they are cut up with a diamond into smaller 
plates, so that the blemishes are left at their edges; regard be- 
ing had to economy in dividing the glass, so as to produce the 
smallest possible number of pieces. Attention to this circum. 
stance is of the greatest importance to the profitable working 
of the establishment, since tiie value of smaller plates bears no 
comparison with that of glasses having more considerable di- 
mensions. This may be seen at once in referring to the fol- 
lowing table, which has been calculated upon some of the pub- 
lished prices of the British Plate Glass Company. 



DimensioiiB.. 


Surface in Square 
Inchea. 


Price. 


Price per 
Sq. loch. 






£ $, d. 


d. 


60 mches by 30 inchea 


1,800 


10 10 1 


1-400 


60 ... 40 . . 


2,400 


16 3 5 


1-617 


60 ... 50 - . 


3,000 


22 10 6 


1-800 


70 ... 50 . - 


3,500 


28 7 8 


1-946 


80 ... 50 . . 


4,000 


34 14 10 


2085 


100 ... 50 - . 


5,000 


48 9 8 


1-327 


100 ... 60 - - 


6,000 


63 15 1 


2-550 


100 . - - 70 - . 


7,000 


80 8 2 


2-757 


100 ... 80 . . 


8,000 


98 4 10 


2-947 


132 ... 84 - . 


11,088 


200 8 


4-337 


160 ... 80 • . 


12,800 


246 15 4 


4-705 



The largest of the plates here mentioned is capable by reduo- 
tion of being converted into 7J plates having the dimensions of 
the smallest in the Table ; whereas the price of the former is 
23^ times greater than that of each of the small plates, and 
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more than 3^ times the aggregate value of those into which it 
would be divided. 

The reason for this progressional rate in the prices is suffi- 
ciently obvious. Could such a degree of perfection be attained 
in the different processes of manu&cture, that a certainty ex- 
isted of producing plates of every requisite dimension, there 
would no longer be any pretence for thus enhancing the prices 
of the larger pieces ; and plates might be sold indiscrinnnately 
at so much per superficial foot in the manner usual with linen 
or woollen fabrics, making perhaps some allowance for the 
greater expensiveness of machinery required for large than for 
small operations. But such a degree of certainty is so fiir fitm 
accompanying the labors of the glass-founder, that it is but very 
rarely he is enabled to finish and produce for sale any plates of 
extra dimensions ; while it most frequently happens that the 
presence of numerous flaws and bubbles compels the division 
and subdivision of the glass into portions bearing, for the very 
reason of their abundance, only a small relative value. 

It is represented as being an interesting sight to witness the 
grinding and smoothing of a great number of plates of large 
dimensions, which by means of machinery are thus nuide to 
move with great velocity, and in all directions. 

The next process is that of polishifig. For this purpose a 
substance is used, known in commerce and the arts as colcothar 
or crocus martis. This is the brown red oxide of irofi, which 
remains in the retorts afler the distillation of the acid fipom 
sulphate of iron. 

The instrument used in polishing is a piece of wood covered 
with many folds of woollen cloth, each fold having between it 
some carded wool, so that the whole forms a tolers^ly hard bat 
elastic cushion ; and this is furnished with a handle for the con- 
venience of the workman. 

The plate is embedded in plaster upon tlie table in the man- 
ner already described, and the polishing instrument being wet- 
ted by means of a brush, and covered with colcothar, the work- 
man commences his operation by rubbing the cushion backward 
and forward over the siu^ce of the plate ; not, indeed, attempt- 
ing -to polish the entire surface at the same time, but operating" 
upon separate portions, beginning at each comer, and proceed- 
ing regularly towards the centre, so as to leave no part unvis- 
it^ by its due degree of attention and labor. 

Considerable dexterity and practical skill are needed, not 
only to produce a high polish upon the plate, but also to give 
this in an uniform degree over its whole surface; and the 
finidiing touches require, therefore, to be given with great care 
and judgment. 
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When one Bide is poliehed, the plate is turned on the table, 
as it has before been in grinding and smoothing ; but as the 
white plaster would appear through the glass and hinder tiie 
workman from forming an accurate judgment upon his progress 
in this second operation, the previously polished side is provided 
with a coating of red colcothar. When the workman is satis- 
fied with the result of his labor upon this second surface, the 
plate is taken &om the table, and being cleaned, is laid, each 
side in its turn, upon a dark blue or Uack cloth, which, as it 
admits only a moderate light, shows by inspection any parts 
which may be jess elaborately polished than the rest : these 
must be retouched by a small polishing cushion, in the same 
maimer as before. 

It would be a tedious operation, if every small fragment of 
glass, such pieces, for instance, as are used in swing frames on 
toilet-tables, must be polished separately. The edges of several 
of these pieces are therefore brought together for the purpose ; 
but as all these are not of one uniform thickness, it is necessary 
to remedy this inconvenience ; and, in order to bring their sur- 
&ces to a perfect level, they are arranged, with the side to be 
polished dovmwards, on a large smooth level plate ; plaster of 
Paris is then poured upon then: upper surfaces, which are thus 
embedded together, and on being turned over, the whole num- 
ber of pieces is found to be so level, that the polishing may be 
perfonned as easily and as effectually as it could be with one 
entire plate. 

When the polishing of the plates has been satis&ctorily com- 
pleted, they are vtrashed with water, and are either removed to 
the ware-room for, sale, or, in case of their being intended for 
mirrors, to the silvering apartment 

The last process u^ in a plate-glass manufactory is that 
which is called silvering. This, in common with the greater 
part of the operation connected with this branch of the art, is 
simple, but requires practice and dexterous management for its 
proper performance. The application to the posterior surface 
of mirrors of some substaifce that will accurately reflect the 
rays of light fidling upon them, is absolutely necessary to ren- 
der them useful. The substance which has been found to an- 
swer this purposo^best is mercury ; which, as it cannot be ap* 
plied alcme in its fluid state, is, by a partial amalgamation, pre- 
viously made to adhere to the surface, and aflerwards to incor- 
porate itself with the substance of a very thin leaf of tinfoil. 

The operation .is thus conducted : — ^A perfectly flat and 
smooth slab of threk wood, or of stone, somewhat larger than 
any plate which it may be required to silver, must be inclosed 
withm a wooden frame open at the top, and having a ledge a 
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few inches deep round three of its sides. The hottom of this 
fram^ is provided with a channel to collect the surplus mer- 
cury, and to convey, it to a vessel placed underneath. This slab 
is fixed on a pivot, so that one end may be raised and the other 
depressed at pleasure. 

When it is used, the slab must first be adjusted horizontaUy, 
and covered with gray paper stretched tightly over it. A ebeet 
of very thin tinfou, a little larger than the plate to be silvered, 
is then laid smooth upon the paper, and as much mercury is 
poured steadily upon it as will remain upon its flat surface. 
That end of the slab which is unprovided with a ledge is then 
covered with parchment, and the plate of glass is careftdly slid- 
den into the frame, resting the while upon the parchment 

The art of properly effecting this deposit of the glass upon 
the fi>il consists in holding it, during its sliding, in such a posi- 
tion that it will dip into &e mercury, carrying a portion of the 
metal before it, but without once touching the tin in its pas- 
sage. By this means any dust or oxide which may rest upon 
the mercury will be removed, and no air-bubbles will remain 
between the glass and the foil ; while, if the tin were touched, 
however slightly, it would certainly be torn. 

When the entire surface of the glass plate has thus passed, 
it is allowed gently to drop on the tinfoil, and to squeeze oat 
the superfluous mercury from between, and which is collected 
in the* channel already mentioned. The plate being then cov- 
ered with a thick flannel, is loaded at regul^ intervals of space 
with considerable weights, and the end of the slab is a little 
raised, which assists the escape of the superabundant mercury. 
The whole remains in this situation during the entire day, the 
slope of the slab being gradually increased to facilitate the 
dropping of the mercury. At the end of this time, the plate 
is cautiously taken from the frame, carefully avoiding to touch 
the under side, then covered uniformly with a sofl amalgam of 
tin and mercury. The plate is then placed in a wooden frame, 
and left during several days until Jthe amalgam is found to be 
so far hardened as to adhere witli a great degree of fimmess 
to the glass : in this state not even a slight scratch would suf- 
fice for its removal. The plate is then in a finished state, and 
fit for being firamed. ' 

The amalgam does not, however, acquire its greatest degree 
of hardness until some time has elapsed j and globules of' Mer- 
cury will occasionally drop from mirrors for some time even 
alter they have been framed. Portions of the amalgam are at 
times detached while in this state, by violent concussions of the 
air, such as a thunder storm, or the firing of artillery. No 
patching can ever be applied in such a case that will be soffi- 
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ciently perfect to escape detection ; but a white seam will in- 
variably be perceptible at the points of junction. 

Although the processes followed in hUnmng plate glass are, 
in most respects, similar to those used in &shionin^ broad glass, 
some difference is yet observed ; which, indeed, is occasioned 
as much through the increased bulk and weight of the mass 
under operation, as on account of any real difference in the 
composition of the &brics ; only a very short account of the 
process can therefore be required. 

The first instrument used is a hollow rod, agreeing in every 
particular, except its size, with tliat used for forming flint and 
crown glass. This rod is full six feet in length, and two inches 
in diameter ; made smaller at the end to which the breath is 
applied, and widened at the extremity upon which the glass is 
gathered. It is necessary to take up a considerable weight of 
glass upon this tube; and some management is required in 
order to eflTect this. When the workman has gathered all 
that will adhere by turning the end continually round in the 
pot, he then withdraws it from the furnace ; and holding it 
over a bucket of water, sprinkles the glass on the end of the 
tube, turning it constantly round in his hand. When cooled in 
this manner, the glass adheres firmly to the tube, and is rendered 
hy that means capable of sustaining a greater weight than it 
would otherwise support The tube is then dipped again into 
the pot, and the same process is repeated. 

Fig. 13. 




After the third dippmg it will have gathered a mass of glass 
in the shape of a pear, ten inches in diameter, and about 
twelve inches long. This must again be cooled with sprink- 
ling as before ; and while the workman is at the same time 
blowing into tlie tube, so as to ^ive a hollow form to the glass, 
and to reduce it to the requisite thickness, the rod must be 
swung to and fro with an alternating motion, in order to length- 
en the shape of the material ; and this proceeding being several 
times repeated, the glass assumes the form of a cylinder, the 
lower end of which is hemispherical. 

JFVg^. 14. 



•* 




166 GLASS MANUFACTCRE. CHAP. VI« 

The assistant is then placed three feet and a half from the 
ground, upon a stool^ whereon are fixed two upright pieces of 
wood, with a cross piece of the same material, £>r the purpose 
of supporting the tube with the glBS& These are held by the 
assistant in an oblique position, &e end with the glass inclin- 
ing downwards, that the workman may be abLe, with an mm 
punching instrument and a mallet, to drive a hole througklfae 
centre of the hemispherical end of the cylinder. -** 

Fig. 15. 




The glass now is subjected to examination; and if found 
sufficiently free firom imperfections, is held at the aperture of 
the furnace during seven or eight minutes to heat it again 
thoroughly. While thus held, the rod is supported in its hori- 
zontal position by a small iron trestle placed before the orifice 
of the fiimace conveniently fer that purpose. The glass being 
thus sufficiently softened by heat, the assistant is again mouDt- 
ed upon the stool ; and resting the tube upon the^^ooden cross- 
piece, twirls it round, while &e workman insinuates a pair of 
large broad shears which are pointed at the end, into the hole 

Fig. 16. 




previously punched. This is gradually enlarged, until the 
glass, through its whole length, and except at the part where 
it is attached to the tube, has a cylindrical form. 

Fig. 17. 



ss 




The tube is then again rested on the trestle, and the ffhfiB is 
reheated at the furnace, when the shears are used to cut Sie cyl- 
inder through half its length, beginning at the open end, and 
proceeding towards the point where it is attached to the tiibe. 

Fig. 18. 
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The next proceeding is to take a pontO, an mstrument al- 
ready deficribed as being a solid rod of iron of smaUer diameter 
than the tube, from which last the glass is now to be transferred 
to the pontil. This differs fiom uie instrument used for the 
like purpose in making flint glass, by having an iron cross- 
piece, twelve inches in length^laced across its extreme end, 
and forming with it the letter T. The pontil being thoroughly 
heated at the end, a quantity of melted glass is gathered from 
the pot upon the cross-piece, which being present^ to the diam- 
eter of the cylinder, the two cohere speedily and firmly to- 
gether : the hollow tube is then disconnected from the glass in 
the manner already described. 

Fig. 19. 




The fiontil with the cylinder is now rested on the trestle, 
and pres^Qted to the furnace, that the end which has hitherto 
been attached to the tube may in turn be heated and subjected 
to the same processes as have just been efiected with the other 
end : the extremity is opened by introducing the shears so as 
to complete the cylinder (fig, 20.); and then after a fresh 

Fig. 20. 




heating the workman cuts through the remaining half c^ the 
length of the cylinder in a line with and joining to the cut 
alr^y menti(xied, so that the cylinder is dividS on one of 
its sides through its entire length. 

Fig. 21. 




The glass is then placed with the eat side upwards upon an 
iroa shovel; it is separated flrom the pontil, and immediateljr 
removed to the hottest |nrt <^ the annealing oven, where it 
gradually becomes again heated to redness. Advanta^ is 
tiien taken of the sofl^ned state of the cylinder to open it, by 
the help of an appropriate iron instrament, lifting up and turn- 
ing back the cut edges of the glass, until the whole is flattened 
upon the hearth of Sie annealing oven. A small iron rake is 
then enqdoyed to push the plate along the floor to the end of 
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the oven; and when this has heen filled through a saccessioa 
of operatbns sach as are here described, the door is stopped 

Fig, 22. 




and cemented. All further processes are in every respect the 
same as are followed with plates that have been cast 

The great size and weight of the glass render these opera- 
tions exceedingly laborious, so that a roan and his assistant can 
hardly do more than make one plate in an hour, nor can they 
continue their labor longer than six hours, resting during an 
equal space before they resume their toil. 

Plates which are blown cannot properly be made above forty- 
five, or at most fifty, inches in length, and with a proportionate 
breadth. They have sometimes been made larger, but are 
then too thin to admit of their properly bearing the processes 
of grinding and polishing, and are besides liable to warp, which 
of course destroys their value when employed as mirrors. 

It was long smce observed, that by exposing plate glass to 
the solar rays, it is made to acquire a violet or purple tinge, 
and this so rapidly, that the alteration is clearly discernible at 
the end of one or two years. Some plates, originally colorless, 
which had thus become tinged, having been brought under the 
notice of Mr. Faraday, he was induct to experiment upon the 
subject For this purpose, he procured three di^rent pieces 
of pkte glass, which were tinged so slightly as to appear alto- 
gether colorless, unless when viewed through their edges. 
Each of these pieces was broken into two portions, one of 
which was wrapped in paper, and set aside m a dark place ; 
while the portion from which it had been separated was ex- 
posed to the air and the light of the sun. This exposure was 
commenced in the month of January ; and in the following Sep- 
tember a comparative examination was made. The pieces 
from which the light had been excluded exhibited no sign c^ 
change, while those which had been exposed had, in this short 
space of eight months, acquired so considerable a degree c^ 
color as would, under other circumstances, have created a 
doubt regarding their original identity. 
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CHAPTER VEL 

ON THE GOMFOSmoN OF ASTIFICIAL OEMS. 

Great interest formerly attached to this subject.— Different Compositiont 
for Artificial Grems.— Mode of Preparation.— Rock Crystal formerly em- 
ployed.— Not superior to Sand.— Diamond Pastes.— Selection of various 
Pastes for Imitating different Grems. — Reasons for such selection. 

A VERT considerable portion of every treatise on glasB-ma- 
kln^t which was in existence a centary ago, and which com- 
prises nearly the whole of what has ever been published on the 
subject, was devoted to the art of composing Petitions gem& 
A great deal of mystery would seem to have been a^ted 
upcMi this subject on the part of the manufacturers, each one of 
wheal was, or pretended to be,* possessed of some secret recipe^ 
which he thought superior to all others for the composition of 
these ornaments. 

A corresponding anxiety to acquure a knowledge of these 
mysteries being evinced on the part of the public, the-authors 
above alluded to, so &r accjuiesced in this feeling as to load 
their writings with one receipt after another, in almost endless 
succession, and in following which the artist was assured, that 
he might successfolly rival nature in the production of these 
much-admired objects. 

The greater part of the compositions thus reoommendell, if 
indeed they were ever used, has long since passed into neg- 
lect ; and it will not be necessary, in me present day, to insert 
more than a very few directions on the subject, which are given 
upon the authority of M. Fontanieu, as bein^ well qua&fied, 
with the additbn of various coloring matters, ror counterfeiting 
precious stones. 

No. 1. is composed of 20 parts of litharge, 12 of silex, 4 of 
nitre, 4 of borax, and 2 parts of white arsenic. These ingre- 
dients should be fritted together in a crucible, and afterwards 
melted, in which state the whole must be poured suddenly into 
cold water. Any portion of lead which may have been revived 
in the metallic state wiH then be apparent and must be separa- 
ted. The glass may then be reraelted for use. 

No. 2. For this composition, mix together 20 parts of ceruse, 
8 of silex in powder, 4 of carbonate of potash, and 2 of borax. 
When these are perfectly melted, the whole should be poured 
into water, and then remelted in a clean crucible, in the same 
manner as No. 1. 

Na 3. consists of 16 parts of minium, 8 of rock crystal in 
powder, 4 of nitre, and 4 of carbonate of potash. These ingre- 
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dientB must be melted and remelted in the maimer already de- 
8cr^>ed as necessary with the preceding mixtures. 

Na 4 dififers essentially from the tluee foregoing combina- 
tions in being without any portion of lead. It is mi^e with 24 
parts of borax, 8 parts of rock crystal, and 8 of carbonate of 
potash. The rock crystal, previous to its use for this purpose^ 
must be reduced to a state of great purity, by fusing it with an 
excess of alkali, and then precipitating it by an excess of acid, 
in the form of an impalpable powder. 

Na 5. The processes necessary far the production of this 
species of glass are much more complex than the preceding. lo 
the first place, 3 parts of alkali are to be fritted with 1 part of 
rock crystal, which mixture must then be dissolved in water 
and saturated with dilute nitric acid. The silex which is pre- 
cipitated by this means must then be edulcorated and dried, 
when it will appear in the femfof a very fine impalpable pow- 
der. Two parts <^ this must be melted in a crucible with 8 
parts, by weight, of the best ceruse, and the glass which re- 
sults must be poured into water. Break this <bwn and remelt 
it with one twelfth of its weight of borax, and pour it again into 
water. If this last product is once more melted with one twelfth 
of its weight of nitre, the result will be a very fine hard glassy 
having an extremely beautiful lustre. 

The length of time required for fusing hard glasKS or pastet 
is at the least twenty-four hours. The process herein directed, 
<Sf |louring the melted glass into water, and then remelting, is 
found to be of considerable use in thoroughly and intimiSely 
mixinff the ingredients together. 

Of me foregoing compositions, Na 1. will be found extreme- 
ly fhsible, on account of its considerable proportion of fluxing 
materials. It calls for the employm^t of the very best descrip- 
tion of crucibles, in order to withstand, for the requisite time, 
the corroding effects of the mixture. If any kind of glass into 
the composition of which lead has not entered, is applied to and 
melted on the interior surfiice of the crucible, so as to line it 
with a perfect ^laze previous to use, the evil just mentioned 
will be materially remedied. 

In order to make a perfect glass, Which at the same time 
shall be sufficiently workable, 2 parts of sflex require from 3 to 
4 parts, by Weight, of oxide of lead ; but a somewhat smaller 
quantity of the latter may be used, if the deficiency is made up 
by the addition of some other fluxin? material : the glass in 
this case will prove both hard and briSiant; and, when proper- 
ly set, will exhibit a much nearer imitation of the diamond than 
most other vitreous compositions. 

It was formerly imagmed by artists who wrought these aiti- 
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ficial gems, that if the glass employed by them had for lia haem 
rock crystal, rather tlum sand, flint, or any other mineral of the 
like character, the result was a much hiuder glass than ordi- 
nary. This idea is, however, wholly without foundation ; for 
when the crystal has once been fused through the admixture 
of any kind of flux, the hardness of the mineru will be irrecov- 
erably lost, as this quality depends altogether upon its natural 
aggregation, which, in such case, is necessarily destroyed. 

Rock crystal is, perhaps, somewhat purer than most other 
siliceous substances, some of which contain minute traces of 
iron, and which may possibly impair the beauty of some colors 
which are imjparted to glass. The same means as are used to 
render f^int mable, are employed for that purpose with rock 
ciystal: this should on no account be ground in metallic 
vessela 

Some artists have succeeded, to a certain extent, in produ- 
cing a very fine, hard, brilliant, and colorless glass paste, in im- 
itation of the diamond, and have even given to this a very con- 
siderable play of light, or, as it is tedmically termed, water; 
bat it has not been round practicable to compound any vitreous 
substance which could for a moment deceive the eye of any 
person accustomed to witness the superior brilliancy of real 
gems. The best of these mock diamonds require, indeed, the 
aid of artifice in the mode of theur setting, to render them in 
any great degree ornamental. M. Fontanieu recommends his 
glass, Na 1, described in this Chapter, as being better quali- 
fied than any other for making artificial diamonds To bring 
this glass to such a degree of brilliancy and clearness as wiD 
prove at idl sati^ictory, it must be retained in a state of per- 
fect fusdon fi>r a considerable space of time. 

lioysel recommends, fox the same purpose, the emplojrment 
of a different composition, the result of which will be a glass, 
having the same specific gravity as the white oriental diamond, 
and for this reason better imitating that resplendent substance 
in its refiractive and dispersive powers. His recipe is as fol- 
lows : — 

White sand purified by being washed first 
in muriatic acid, and afterwards in pure 
water, until all traces of the acid are 

removed 100 parts. 

Red oxide of lead (minium) . 150 

Calcined potash 30tod5 

Calcined borax 10 

Oxide of arsenic 1 

'Hiis composition is easily fiisible at a moderate heat ; but like 
^t proposed by Fontanieu, requires to be kept in a 'melted 
^ P2 
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State fi>r two or three days, to perfbct the refining, and to cause 
the dissipation of the superabundant alkalL 

The same author has furnished the following receipts for the 
formation of pastes, qualified, upon the addition of appropriate 
coloring materials, for the imitation of various gems. The re- 
marks already made as to the length of time required for the 
due preparation of the diamond paste equally apply to these 
compositions: — 

White sand, purified in the manner point- 
ed out in the preceding receipt, .... 100 parts. 

Red oxide of lead 200 

Calcined potash, and nitre, of each .... 20 to 25. 

The specific gravity of this glass, water being 1, will be 3.9 
to4 

White sand, prepared in the manner be- 
fore mentioned, 100 parts. 

Red oxide of lead, 300 

Calcined potash, 5 to 10 

Calcined borax, 200 to 800. 

The specific gravity of this compound will vary &om 3*3 to 4 

White sand, prepared as above, 100 parts. 

Red oxide of lead, 250 

Calcined potash, 15 to 20 

Calcined borax, 25 to 30. 

This will have a greater specific gravity varying from 4 to 
45. 

- In making his selection between one or other of these pastes, 
the artist should be guided by their various specific gravities, 
choosing preferably tiiat ^lass which is nearest in this respect 
to the particular gem which he is desirous of imitating; and 
this, not with the view of providing himself with an additional 
means of deception, but because, the refiractive and dispersive 
powers of different transparent bodies being determined by 
their comparative weights, the resemblance wil], by such a 
selection, be rendered more perfect to the eye. To one simple 
test, that of their hardness, recourse can be had so easOy, that 
every one may, with very little previous instruction, ascertain 
for himself the genuineness of any gem that is ofiered to his 
notice, without any apprehension of being deceived. 
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CHAP. vm. 

ON THB XAKUFACnURB OF GLASS FROM CALCINsb BOlOgi. 

Preparation of Bones.— Their Vitrification.— Process known to Becher.— 
Concealed by him.— Curious Suggestion as to its Employment.— This 
Gtass highly electric when newly made. 

Glass may be made from calcined bones by digestinff them 
during two or three days with half their weight of sulphuric 
acid, evaporating to dryness, and washing the residue in many 
different waters, imtil all the soluble matter is exhausted. The 

.production of this efiect is known by the water having no 
longer a yellow tinge. 
The difl^nt waters thus used must then be brought to- 

'gether and evaporated to afford a solid extract To separate 
the sulfate of lime contained in this, the extract must be dis- 
solved m the least possible quantity of water, and filtered : the 
salt will then remain on the filter. This extract may be mixed 
with powdered charcoal, and distilled fi>r the production of 
phosphorus ; but i^ instead of this, it be placed in a large cru- 
cible, and the fire is urged, it will at first swell considerably, 
but ere lon^ will again settle, and at that instant the glass is 
made. This is white, and of a milkv color. 

These directions are taken fixnn the System of Chemistry of 
M. ChaptaJ ; who tells us that before his tune Becher was per^ 
fecUy well acquainted with the use to which bones could thus 
be appli€»d, but that he concealed the process, on account of the 
abuse which, according to his ajprehensions, might be made of 
it, and to which he plunly enough alludes in the words—" Ho- 
mo vitrum est, et in vitrum recQgi potest ; sicut et omnia an^ 
malia." This author was, nevertheless, led to express his re- 
gret that the Scythians, who drank from disgusting skulls, were 
not acquainted with the art of converting mem into so cleanly 
a substance as glass;— and he also showed the possibility cf 
forming a galleiy of &mily effigies, moulded fit»i glass, the 
produce of the identical bones of the originals, in which the 
likenesses mif ht be preserved as truly as they now are by the 
limner. M. Chaptal adds, that a skeleton of nineteen pounds* 
weight may be made to yield five pounds of this phosphoric 
glass. 

Newly made glass of this description will emit very strong 
electric sparks, which will fiy to the hand at the distance of two 
inches : but this property ceases alter one or two days, however 
carefuUy the glass may be preserved from contact with the atp 
mosphere. The substance is m &ct phosphoric acid which has 
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been deprived of its water, and which if not carefully preserved 
fipm the atmosphere it ¥nll afain imbibe, bec(Hning deliques- 
cent It has an acid taste, and is soluble in water. 



CHAP. IX. 

ON THE USE MADE OF THE BLOWFIFE, AND ON VABIOUB SHALL 

MANUFACTURES OF GLASS. 

Thermometer Tubes.— Mode of nving to tbem an Elliptical Bore.— Blowpipe 
and Apparatus described. — Bsaterials used. — Method of Working.— Seal- 
ing^ Tubes.— BeDding and Joining Tubes. — Bulbs. — Spun Glass.— Watcb- 
Glasses. — Lunette Glasses.— Glass Beads.— Manufactory at Murano.— 
Striped Tubes.— Mode of forming Beads.— Sorting them.— Numerous Kinds 
of Beads.— Mock Pearls.— Manner of their Invention and formation.— Dial 
Plates.- How formed.— Lettering and Figuring. 

A CONSIDERABLE Humber of articles are made of glass with 
the aid of a lamp and blowpipe. The principal of these articles, 
such as thermometeiB and barometers, are formed from tubes 
which are made at the glass-houses, of difierent bores and sub- 
stances, by drawing out quickly, and while soft with heat, a 
thick and short tube into one that is thin and long. 

The method of performing this process is, to gather the ne- 
cessary weight of glass upon the rod ; and this glass having 
been elongated and hollowed by the workman's breath in the 
usual manner, a punt is attached to the end of the cylinder op- 
posite to the rod. The workman then holding the rod and his 
assistant the punt, each proceeds in a direction opposite to that 
taken by the other, by which means the tube is elongated in 
the necessary degree ; and being then made to rest upon billets 
of wood placed horizontally and parallel to each other at equal 
distances on the ground, it speedily cools, and may in that state 
•be readily cut into convenient lengths. 

Fig. 23. 
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Whatever may be the original form of this tube and c^ its 
perforation, it is found that 3ie same form will be relatively 
continued throughout the entire length to which it is drawn 
out If its perforation be at first cylindrical, it will so oontinae, 
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whatever degree of length and minuteness it may be made to 
assume ; and an equal sameness will be found to acooaq;)any 
the proloDg[ation, if any other form be originally given to the 
orifice. 

A method bad been suggested by Mr. Wilson, of Glasgow, to 
render the mercury in a thermometer tube easily observable, 
without incurring the inconveniencies which attend a large 
here. This method is founded on the property above mention- 
ed, and which is indeed common to all ductile substances.'*' 
Mr. Wilson proposes to form the tubes with an elliptical per- 
foration, which when drawn out will form a mere slit, the flat 
side of which is to be turned towards the observer. It does not 
appear, however, that these tubes have come into any extensive 
use. 

This elliptical bore is caused by flattening, in the necessary 
degree, and before it is drawn out, the short thick tube already 
described ; restoring then its external cylindric form by coatiqg 
it over with a further portion of melted glass, ai^d rolling it on 
the iron slab, mentioned in pa^e 137, in our description of the 
processes pursued in blowing flmt glass. 

The apparatus usually employed by those who undertake this 
branch <h glass-working is extremely simple. The table is 
substantially made, and has fixed at its bottom a small double- 
blast bellows, worked with a' foot-board, that the artist may 
himself govern its action, and at the same time have both his 
hands at liberty for the other operations which he has to con- 
duct A pipe, proceeding from the bellows, conducts the blast 
of air to the lamp, which is usually nothing but a bundle ef 
coarse cotton thread, placed in a common tin vessel of a horse- 
shoe shape, the flame being fed with lumps of tallow heaped up 
and intermixed with the cotton. A small chimney is hung over 
the lamp, and at a short distance from the flame, to carry off 
the smoke, which otherwise would be inconvenient to the work- 
man. The blast pipe is so placed and directed that it throws 
off the jet of flame from l^e lamp m a direction contrary to that 
occupied by the workman, so that all annoyance from this source 
is equally avoided. 

Two or three very simple iron tools, such as files, forceps^ 
scissors, &c., make up the rest of the gla^worker's apparatus; 
while his materials are mostly confined to an assortment of 
tubes having various bores, and composed of difierent thick- 
nesses of glass. When employed in making toys or ornaments 
of glass, tubes of various colors are provided by the workman: 
these are easily procurable at any glass-house, a good stock of 

* For a beautiful scientific application of this principle, aee Lardner^i Me- 
ehaaica, Cal». Cyc. p. 0. art. (12.) 
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all kinds of tubing being generally kept by the makera The 
flame, when most strongly urged by the blowpipe, is about four 
inches long, having its end of a blunt round form ; its coloi; 
in the part nearest to the wick, is of clear light blue, and be- 
yond this of a pale yellow, tlie blue portion having by &r the 
greatest heating power. 

In proceeding to work, care must be taken to remove all 
moisture from the tubes, both within and on the outside ; they 
must be heated gradually, to prevent their cracking; and the 
greater the thickness of the glass, the more necessity there is for 
caution on this head. Glass is so imperfect a conductor of heat, 
that where utensils made with it of any considerable thickness 
have fire applied to them, it is difficult to prevent an unequal de- 
gree of expansion, which induces that corresponding inequality 
of pressure among the different parts under which some will 
inevitably give way and fly asunder. It is for this reason that 
glasses intended for use in chemical laboratories can hardly be 
made too thin, or with too great attention to the equality of their 
substance, so that heat may be quickly and uniformly transmitted 
through the mass. 

Glass tubes should be first heated by being held in the flame 
of tlie lamp, without employing the blast of air; they should 
next be. brought to the yellow outer edge of the flame when 
urged by the blowpipe ; and, lastly, the fusion must be completed 
through bringing the glass by slow degrees within the hottest 
part of the fl^e. 

The power of a blowpipe, such as is usually employed for 
these purposes, is sufficient far bringing to a white beat'% solid 
lump of glass large enough to form a bulb which vi}l coatain 
three fluid ounces ; a size myich larger than can be reqnhed for 
purposes to which the lamp is usually applied. 

It may be well to describe briefly one or. two operations, such 
as are usually effected by means of the lamp and blowpipe; 
from which -will be made apparent the great facility wherewith 
this seemingly refractory substance can be moulded, through 
tlie agency of heat, according to the will of the workman. 

If it be wished to seal a tube hermetically, that is, to close it 
efiectually at the end by causing the intimate union of its par- 
ticles, it will suffice that the pieut be held during a short time 
in the flame, tuming^the tube round with the fingers so as to 
occasion an equal action upon every part : by this mean^ the 
end will presently be so far softened, or partially fused, that tlie 
particles will Ml in and run together; thus effectually closing 
the orifice, and producing the appearance of a small button at 
the extremity. This operation may be hastened, if; when the 
glass is rendered soft by heat, and before any fiision has ensued, 
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the parts are brought into contact towards their common centre 
by means of a stout iron needle. In some cases, and particular- 
ly when the tube is of any considerable substance, the button ' 
tius formed on the end would be inconveniently large, and 
might besides either fly in cooling, or be accidentally broken. 
This can be remedied by lessening, in the following manner, 
the quantity of glass whereof it is composed. 

The end being softened in the flame of the lamp, and another 
piece of tube of the same size having been equally acted upon, 
the two ends are to be brought together, and may, by a ver^ 
little management, be firmly united. If then tbe tube which is 
to be sealed is softened a little higher up than the point of 
union, and the two tubes are pulled gently in opposite directions 
until they separate, that which is heated will be drawn out with 
a diminished substance, and may be easily sealed in the part 
that is required, the joined ends and a portion of the sealed tube 
remaining attached to the waste piece. 

In making some kinds of thermometers, and for various pur- 
poses connected with experimental chemistry, it is often requir- 
ed to bend tiibes of glass : when these are of small bore, and 
their subbtance is tolerably thick, it is only requisite to hold the 
tube in the weaker part of the flame, in order to soften it 
through about one or two inches of its length, when it may be 
slowly and gently brought to the shape required- 
Something more than this is needed if the tube be wide and 
its sabstance thin. In order to preserve in such case the particu- 
lar form of the bore, and to prevent its bein^ much straightened, 
or perhaps closed at the bend, as it most probably would be if Ho 
precaution were taken against it, one end of the tube should be 
hermetically sealed ; and during the time the workman employs 
himself in bending it at the required part, he should also blow 
steadily but very gently into the open end. The pressure of 
his breath employed in this manner, will keep the softened 
part of the tube distended in the proper degree, so that it can- 
not collapse during the bending, and the perforation will be 
maintained in its original form. The closefd end of the tube 
may be readily cut off by first scratching with a file and then 
breaking it suddenly ; an operation which, with a very little 
care, may be performed without risk of dividing tlie tube in any 
other part of its length. . 

Two tubes may te joined together with tolerable accuracy 
by heating their ends in tlie flame, and then bringing them 
into contact ; turning them round in opposite directions with a 
screwing motion,, in order to complete their jimction. If it be 
desired to remove the thickened ring of glass which will thus 
be produced, one end of the tube must then be previously seal- 
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ed ; and when the union has been fully completed in the way 
described, and while the glass is yet soft, the workman must 
blow into the open end, and gently pull the tube at the point oS 
junction, until the ring disappears, and the whole tube becomes 
equally cylindricaL 

In rorming hollow bulbs at the end of tubes, such, fer in- 
stance, as are required in making thermometers, the following 
process must be used : — ^The end whereat the bulb is to be form- 
ed must be sealed ; and in order to collect at this extremity the 
needful quantity of glass, it must be pressed while ^et quite hot 
upon some hard surface, by which means that part is somewhat 
shortened and consolidated into a lump. This must then be 
held in the most intense flame of the blowpipe until it is quite 
white hot; being then removed, and the breath applied moder- 
ately aiui steadify to the open end, and keeping the tube in the 
meanwhile with the heated end banging downwards, the 
lump will be enlarged into a spherical bull^ the diameter, and 
consequently the substance, of which can be regulated accord- 
ing to the pleasure of the workman. 

It has b^n already mentioned that glass may be spun into 
very long and minute threads, with great velocity, when the 
mass from which it is drawn has been previously heated. For 
this operation the use of the blowpipe is required, and the man- 
ner of its performance is very simple. 

The lump of glass being sufficiently softened by the flame, 
another piece of glass is applied to it, when the two, cohering 
together, and being then dirawn apart, are seen to be connected 
by minute filaments. A fine thread being thus obtained, its end 
is applied to a wheel or reel, and the heat of the glass being 
maintained, while the wheel is turned with considerate velo- 
city, a thread may be drawn continuously out as long as the 
workman pleases, or until the store of glass is whcdly expended. 

The thread thus made is extremely flexible and deiiitately 
fine. Its firmness depends in a great measure upon te heat 
whereat the glass is maintained, and upon the velocitif^^cbBie- 
with the wheel is turned : the greater these are, the fic^wiU 
be the thread. 

Ghss is only treated in thismann^ in ordc^ toaflSirf4b|iei»' 
ing exemplification of some of its properties, xx for patfeses of 
ornament When it is desired to produce colored tiireiAi^ tiie 
material employed should be embued with a very deep t»^ 98, 
when drawn out m such minute filaments^ it would othecwise 
appear nearly cobrlessL 

l%e preparation of ^tUi-giasses involves a series «f simple 
but Intwesting proc'essesL Only a part t^tliese is per&fnaed at 
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tiie glass-house; the remainder being the objects of a separate, 
and, when viewed with reference to its extent, by no means 
unimportant branch of trade and manu&ctore. 

All that is efkcted by the glass-blower is the production of 
regular hollow spheres, each being eight inches in diameter, 
and weighing" twelve ouncea 

It is a circumstance, perhaps, not the least deserving of notice, 
in detailing the operations ox the glasshouse, that the men em- 
ployed to gather glass irom the pots fi)r this and similar pur- 
poses, upon the end of the hollow rods, attain through constant 
practice so much proficiency as to bring away with the ereat- 
e^ accuracy exactly the quantity that is needed &r the femuu- 
tion of the required object To such a degree is this correctp 
ness carried, tluit, on weighing many dozens of spheres siich as 
have just been described, not one has been found that varies 
balf an ounce ftom the proper weight 

The Mowing of these hollow globes is performed with great 
celerityV Ovraig to flie circumstance that the glass of which 
they are composed is exceedingly thin, so that then: cooling, 
although rapid, is also effected with considerable regularity 
through their substance; and because in the further progress 
towards their ultimate form they are again to be soften^ by 
heat, these globes are delivered to the watch-glass maker as 
soon as they are blown, and without passing through the 
annealing oven. 

The first operation performed by the last-mentioned artist is 
to divide each sphere into the largest possible number of sec- 
tioneof the requisite size; it being manifest that any errors 
committed at Ihis stage of the proceeding would, by wasting 
his material, place the manufacturer at a disadvantage. 

In proceeding to e^ct tiiis division, the workman seats him- 
^If ; and takijag the globe in his lap, with a piece of heated 
wire or tobacco-pipe, (which last is perhaps chosen preferably, 
because it longer retains a sufiicient degree of heat,) he traces 
a line upon the globe, and quickly thereafter wetting the line 
thus traced, the glass will crack and divide along the line with 
the most admirable precision. The sections thus obtained will 
necessarily have many angular irregularities : these are dexter- 
ously clipped away by means of scissors. 

The segments into which the individual pieces have now 
heen cut, will be wanting in ^e requisite degree of convexity. 
Before this can be imiparted to them, thev must have then: britr 
tieness removed, and b6 considerably softened by heat When 
this has been effected, Siangan appropriate instrument in each 
hand, and using them much in me same manner as the dairy- 
iQaid employs her wooden spoons in raising a pat of butter, 
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the warkman presses the edges of the glass regularly in t(v 
wards the centre, which is by this means made to rise la a car- 
responding proportion. The edges are then giomid evenly oS, 
and the watcli-glass is read^ for sale. 

Lunette glasses are dirorently made. These are not seg- 
ments of spheres, but have their edges abruptly raised, and 
their interior areas or faces flattened. In forming these lu- 
nettes, a much smaller quantity of glass is gathered fiom the 
pot than is required in blowing globes for ordinary watch- 
glasses. A hollow pear-shaped figure is then blown, havin? 
me larger end, which is ftuthest from the extremity of the ro£ 
of the size required for a watch-glass, and the requisite flat- 
ness is occasioned by pressing this end, while soft, upon any 
smooth level surface. 

These glasses are necessarily much higher in {Nrice than 
those more commonly used for watches ; both because they are 
made to contain a greater weight of glass, and because, only 
one form being cut from each hollow pear-diaped figure, the 
labor expended in the manufacture is prc^rtionally greater. 

A very considerable manufacture of glass for the fbrmatioD 
of beads is carried on at a place called Murano, situated near 
the city of Venice. There is nothing peculiar in the composi- 
tion of the glass made use of for this purpose, nor in the m^ 
ods employol for its preparation ; and although the manu&cto- 
rers afifect great secrecy as to the coloring substances which 
they mix with the glass, it is not likely that they possess any 
real advantage over others in this respect, or that they have 
made any useful discovery of materials different firom those 
commonly employed in coloring glass. 

When upon inspection the colored glass is found to be in a 
fit state for working, the necessary quantity is gathered in the 
usual manner upon the rod, and is blown into a hollow fonn. 
A second workman then provides himself with an appropriate 
instrument, with which he takes hold of the glass at the end 
which is farthest from the extremity of the r^, and the two 
men running thereupon expeditiously in exactly opposite direc- 
tions, the glass is drawn out into a pipe or tube, in the manner 
of those used for constructing thermometers, the Udcknes of 
which depends upon the distance by which the men separate 
themselves. Whatever this thickness may be, the perforatioii 
of the tube is preserved, and bears the same prqixurtion rela- 
tively to the substance of the glass as was orimnally ^ven to 
it by the blower. In these particulars the woSnnen m course 
govern themselves according to the size and description <^ the 
beads which are to be made. The glass-house at Murano is 
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provided with a kind of gallery 150 feet in length, and which 
mach resembles a rope-i^k, wherein the tubes are drawn oat 
in the manner here described. 

Tubes striped with different colors are made by gathermg 
from two or more pots lumps of difierent colored glass, which 
are united by twisting them together before they are drawn 
out to ihe requisite length. 

As soon as they are sufficiently cool for the purpose, the 
tabes are divided into equal lengths, sorted accoroing to their 
colors anid sizes, packed in che^ and then dispatched to the 
city of Venice, within which the actual manumcture of the 
beads is conducted. 

When they arrive at the bead manufactory, the tubes are 
again very carefully inspected, and sorted according to their 
diflferent diameters, preparatory to their being cut into pieces 
nifficiently small fcfr making beads. 

For perSS>rming this latter operation, a sharp iroa instrument 
is |Rovided» sha;^ like a chisel, and securely fixed in a block 
of wood. Placing the glass tube upon the edge of this tool 
at the part to be separated ; the workman then, with another 
sharp instrument in his hand, cuts, or rather chips, the pipe 
into pieces of the re(j[uisite size; the skill of the man being 
shown by the uniformity of size preserved between the differ- 
ent fragments. 

The minute pieces thus obtained are in the next process 
thrown into a bowl containing a mixture of sand and wood- 
tuihes, in which they are continually stirred about until the 
pei^nrations in the pieces are aU filled by the sand and ashea 
This provision is indispensable, in order to prevent the sides 
from mlling together when softened by heat m the next operar 
tion. 

A metallic vessel with a long handle is then provided, 
wherein the pieces of glass are placed, together with a further 
quantity of wood-ashes and sand ; and the whole being subject* 
^ to heat over a charcoal fire, are continually stiried with a 
hatchelHshaped spatula. By liiis simple means the beads ac- 
quire their globular form. 

When this has been impacted, and the beads are again cool, 
they are agitated in sieves, in order to separate the sand and 
^hes; this done, they are transferred to other sieves of di^r- 
^Qt degrees of fineness, in order to divide the beads according 
to their various sizes. Those of each size are then, after being 
f^tvokg by children upon separate threads, made up into bus- 
ies, and packed in casks for exportation. 

In this maimer, not fewer thim sixty different kinds of glass 
'^^s are prepared in vast quantities. The principal trade in 
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these IS eq^ed <m witb Sptan, and the oo^et of Afiica; bot 
some {prtioDS &ad their way to nearly all* parts of ti^ world. 

Another and a mdre co^y deacription of glass beads, made 
lA imitation of pearls, has long been produced in France. Al- 
ilhQiiffh the name of the inventor, of these ornaments has been 
fidtlmilly preserved, the period of their invention is not pre- 
cisely ^own. Reaumur, on whose assertions the greatest re- 
liance may generally be placed, states this to have occurred in 
1636. An anecdote rdated by Beckmann* of a cheat success- 
'fiilly played off upon a lady by a* French nobleman, leads to the 
conclusioii that thirty years later than the period here mention- 
ed, these mock pearLs were &r from being generally introduced 
-or even known. 

. The manner of their invention was this :— M. Jaquin having 
observed that upon washing a small fish, the Ctfprinus aUmr- 
nuSf or bleak, the water contained numerous fine particles, 
faavii^ the color (^ silver, and a pearly lustre, he suffered the 
water to stand for some time, and, collectuag ' the sedimeat, 
scovered with it some beads made of plaster of Paris, the fa- 
vorable appearance of which induced him to mann&cture more 
of the same kind fi>r sale. These were at first eagerly adq^ 
ed ; but the ladies soon finding that when they were exposed 
to heat, the lustrous coating transferred itself from the beads 
to their skin, they were as quickly discarded. 

The next attempt of M. Jaquin was more successful He 
prooored some glass tubes of a quality easily fusible, and, by 
means of It blowpipe, converted these into numerous hollow 
globules. He then proceeded to line the interior sur&ceof 
-Siese with the powdered fish-scales, which he called essence 
of pearl, or essence d' Orient, This was rendered adhesive by 
being mixed with a solution of isinglass, when it was intro- 
duce in a heated state inside Ihe globules, and spread over the 
whole interior surface, by shaking the beads whi^ for that 
'purpose, were, placed in a bowl upon the table. These hollow 
•beads being blown exceedingly thin, in cnrder to produce a bet^ 
ter effect, were consequently veir tender. To remedy this 
evil, as soon as the pearly varnish was sufficiently dry, they 
were filled with white wax, and being tiien bored- through with 
a needle, were threaded for sale. 

An expert workman can^blow from five to six thousand small 
glass -globules in a day ; but, as some attention is called fea*; in 
regard to the shape and appearance of these beads, the produce 
of a man's daily labor will not much exceed one i^urth of that 
quantity. The closer tocounterfeit nature in their manufiicture, 
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these beads are sometimes purposely made with blemiehes, and 
of somewhat irregular forma. Some are made pear-shaped; 
others are elongated like olives ; and others acain ane flattened 
on one side, in imitation of natural peark, which are set in a 
manner to show only one side. 

The Ml whose scales are put to this use are about fi>ur 
inches in length. They are found in great abundance in some 
rivers ; and, being exceedingly voracious, suffer themselves to 
be taken without difficulty. The scales furnished by 250 of 
these fish will not weigh moitl*than an ounce, and this will not 
3rield more than a fburai of that quantity of the pearly powder 
applicable to the preparation of beads ; so that 16,000 ^sib, are re- 
quu^ in order to obtain only one pound of the essence ofpearL 

*Up to a recent period, the heirs of Jaouin, the first inventor, 
carried on a considerable manufactory of these mock pearb in 
ParisL The fidi are tolerablv abundant in the river Seme ; but 
their scales are conveyed m>m distant parts in much larger 
quantities than can be procured on the spot, for which purpose 
they are preserved in volatile alkali. 

The dial-plates of clocks and watches are made of opaque 
white g^ass, which has acquired the name of enamel The pe- 
culiarly delicate appearance of these, as well as their opaque- 
ness, result from the presence of oxide of tin. 

These plates, whica are not of greater diameter than twelve 
inches, are made in one piece ; but any which are required to 
be larger than this, must be formed in separate segments, and 
afterwards joined together. 

In the preparation of dial-plates, the first process is that of 
hammering a thin plate of copper of the requisite size upon a 
slightly concave anvil constructed of hard wood ; for which 
operation a convex hammer is employed, and in this manner 
the proper state of convexity is imparted to the plate, without 
impairing in any degree the smoothness of its surface. 

The centre hole for the hour and minute hands, as well as 
that whereby the key must be introduced for the purpose of 
winding up the clock or watch, together with other smaller 
holes, for t^e screws by which the dial is to be attached to the 
works, are all made by passing tools of appropriate forms and 
sizes through the copper, from the concave side, in such a man- 
ner that the metal displaced in the act may form ridges round 
the holes on the convex side, and be instrumental in retaining 
the enamel to the requisite thickness upon the surface, when 
in its state of fusion. For this same purpose, the outside edge 
of the plate is hammered up all round, so as to form a ridge of 
the requisite depth ; and provision must be made for this rim 
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in the size, originally given to the copper. The metallic plate 
thus formed is thoroughly cleansed by bein^ immersed in a 
weak dilution of nitric acid, after which it is dipped in pure 
water, and rubbed smartly over with a brush fermed of br«sB 
wires. 

. The white enamel is then broken in a hardened steel m0^ 
tar, until it is. reduced to fragments about the size of fine 
sand ; and the whole should be lirought as nearly as possible to 
the same state ^ regards the size of tl^e psurticles. The pounded 
glass is then washed in very clear water, and the heavier parts 
having subsided, the remaining milky.-looking liquid is poured 
off and left to settle in a separate vessel This operation is 
several times repeated ; so that the powder may be divided into 
separate portions, having different degrees of fineness. 

The enamel being thus sorted and well washed, the separate 
portions are placed in glass vessels, and nitric acid is poured 
over, so as completely to cover the powder& The acid must 
ie left on tlie enamel during the space of twelve hours, the 
whole being occasionally stirred with a gtass spatula, in order 
to dissolve away any metallic particles which may have been 
abraded from the steel mortar, and which would greatly impair 
the whiteness of the enamel when subsequently applied on the 
&ce of the plate. The acid is then poured ofl^ and the enamel 
washed in successive waters, until it no longer contains any 
acidity ; after which, it is again covered with pure water, and 
in thiiB state it must remain until used, that its perfect white- 
ness and purity may be preserved. 

It is necessary to operate upon both sides of the plate, lest 
the heat of the enamel, when in a state of fusion on the con- 
vex side, should alter the curvature of the copper, and deform 
its shape. 

The enamel^ when prepared in the maimer described, is first 
applied to the concave or under &ce ; in which process the 
artist spreads over it with a spatula, as thin and as evenly as 
possible, a portion of the finer settlings. A tool which had pre- 
viously been iaserted in the centre hole is then withdrawn, and 
its place sup])lied with a rag of clean linen, which absorbs all 
the superfluous water from the enamel, bringing it to such a 
state of consistency, that this, which is called the counter-en- 
amelling, will adhere sufficiently to the copper when the pod- 
tion of the plate shall be reversed. In then proceeding to op- 
erate upon the convex surface, the plate must be turned over, 
a tool being again placed in the centre hole, and a layer of the 
coarser part of the pounded glass thereafter applied with every 
possible care as to the evenness of its distribution. It is par- 
ticularly requisite to cover well the edges of the dial-plate, as 



t»i^ 



CHAP. IX. DIAL PLATES. 187 

well as those of the. different holes, lest the heat should after- 
wards act too. powerfully upon the metaL To draw off the su- 
perfluous moisture from this layer of enamel, a fine linen cloth 
is applied round the entire edge, which, in this altered position 
of the dial, is now its lowest part, and has in that respect taken 
the place of the centre hole in the counter-enamelling process 
first mentioned. In order that the particles may arrange them- 
selves .properly and closely together, the tool still remaining in 
the centre hole is then subjected to two or three slight concus- 
sions, and much of the beautiful appearance of l£e fini^ed 
dial-plate depends upon the neatness with which this operation 
is performed. If the enamel is evenly spread and well packed 
together, no hollows will be left below the surface when it has 
been melted, and the requisite degree of smoothness will be at- 
tained. To dissipate any moistiir^ which may now be retained 
by the enamel,, the plate is dried on a sheet of iron over a 
chafmg-dish. 

The dial-plate, thus prepared, is introduced cautiously and 
by degrees under a muffle placed in a furnace, it being neces- 
saij to heat it gradually: in this situation it must remain until 
it IS perceived that the enamel begins to melt ; the sheet of 
iron on which the dial is placed should then be turned gently 
round, ia order that every part may be equally jexposed to the 
heat of the muffle. So soon as the enamel is seen to be per- 
fectly melted over the whole surface, the plate must be with- 
drawn with as much caution and deliberateness as was used 
upon its introduction ; and, in order to prevent the cracking 
and scaling off to which the glass would otherwise be liable, 
the plate iMst remain for some time cooling ver^ gradually at 
the mouth of the muffle. The necessity for this delay in the 
process arises from the same physical law which obliges the 
manufiicturer to have recourse m larger operations to the 
annealing oven. 

When this first firing has been completed, the plate must be 
cleaned, as before, witii a very weak dilution of nitric acid ; 
and a layer of the finer settlings of the enamel is to be spread, 
in the manner already described, over the convex side. It is 
not necessary to apply any further coating to the inner or con- 
cave surface, unless upon examination any part of the former 
layer shall appear defective ; in which case such part must be 
made good with a further portion of the same division of the 
enamel as was used before. 

The same precautions that were observed m the first firing 
for placing the dial-plate within, and for removing it from the 
mufSe, must be repeated now ; and must equally be practised 
when a third layer, which must be of the finest and whitest 
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portion dp the enamel, is subsequeolfy Sfufead ever the convex 
side. WIten this third layer has in its tarn h^^ iised and 
gradually cooled, the dial-plate is complete, withthe ^cepiian 

' 0f Hb figures or lettering, which must be placed upon the con- 
vex Add to mark the divisirais of the hours and minutes, and 

! . .which ive thus applied :— 

A bla<^ enamel, which is so composed that it will fuse at a 
lower degree of heat than the white opaque glass already em- 
ployed, is to be ground exceedingly fine in an agate mortar 

, ' with a pestle of the same substance, and in combination with 
oil of lavender ; which, as it would of itself be too thick, must 
have its consistence reduced by the addition of oil of turpentine. 
To such an exceeding degree of fineness is it considered ne- 
cessary to reduce this bliu^k enamel for the purpose, that the 
labor of half a day is usually employed in thus grinding a drachm 
weight A further quantity of the mixed essentiaf oils roust 
afterwards be added, that the enamel may be sufi^ciently thin 
to flow readily from the pencil. 

The dial-plate is then placed upon some level sm&ce, and 
by means of a pair of compasses, having one of the legs blunt 
at the end and rounded, so that it will finely turn in the centre 
hole where it is placed, and the other leg provided with a black- 
lead pencil, two circular lines are sli^dy traced at unequal 
distances firom the centre, between wmch the numerals are to 
be inserted. The exact position of these is determined h? 
means of a sector fiunished with a movable limb ; and the dip 
ferent figures being drawn with a camel's hair pencil charged 
with the prepared black enamel, this is left to become pefectly 
dry in the air; and its fiision having afterwards been efiected 
in the muffle, the dial-plate is completed, and in a fit state to 
be placed in the hands of the clockmaker. 
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CHAR X. 

ON TQB FORMATION OF hEStOB, 

Preparations of the H c e c a aa ry Toola.— <aioic« of Glass.— 4lrlndhif.^Poliali- 
ing.— Curdled Lenses.— Means itaed for ftToiding tMfl Defect. 

In grinding glass fi)r spectacles, or preparing them as lenses 
for optical instruments, the first thing to be attended to is to de- 
teraiine the proper focal distance of the ^lass. Taking then a 
pair of compasses, which, on the supposition that the glass is 
intended to be convex or concave on both sides, must be opened 
to the full focal distance ; two arches or segments of cnrcles, 
each extended somewhat beyond the breadA which it is in- 
tended to give to the glass, must be described upon a piece of 
sheet copper, which must then be filed away filom the out- 
side of one and from the inside of the other arch. By this 
means two gauges are formed, the one convex and the other 
concave, and each perfectly answering to the other.. 

If it is intended mat the glass shall be what the opticians call 
planoconvex or plano-concave, that is, having one of its sides 
flat, while the otiier has received the requisite curvature, the 
compasses wherewith the arches axe described should be opened 
to only one half the focal distance. 

Two circular plates of brass, about one-tenth of an inch in 
thickness, and each being of a little larger diameter than the 
intended lenses, are then securely soldered upon a cylindrical 
piece of lead of an equal diameter with the brass discs, and one 
inch in tluckness; these, which are called tools, are then fixed 
in the lathe, and turned so as to correspond with the copper 
gauges, the sui&ce of one being made convex, and of the other 
concave. 

The two brass discs are then to be ground together with 
emery, or with pounded Turkey-stone, until theur sur&ces ex- 
actly coincide in ev^ry point 

If. the fi^al distance is ve;ry short, so that llie convexity and 
concavity require to be very considerable, the brass discs should 
be hamipefed as nearly as possible to their intended form be- 
fore they are soldered to the leaden cylinders, and turned; 
otherwise .either the thickness of the birasses would require to 
^ inconveniently increased, or the more considerable portion of 
^eir substance, which must in such case be cut away, would 
occasion the discs to be too thm and yielding. 

The glass of which a lens is composed is chosen with refer- 
ence to the purpose to which it is to be applied, and according 
to its refinctivo and dispersive powers: its selection must be 
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left to the discretion of the optician. Its two sur&ces should 
originally be perfectly parallel. Being cut or clipped into a 
circular form by means of scissors or pincers, the edge must be 
smoothed on a common grindstone, and the glass fixed by seat- 
ing one of its surfaces in softened pitch on the flat end of a solid, 
^indrical, wooden handle of smaller diameter than the glass. 
Itio centre of the axis of this handle must coincide exactly with 
the centre of the glass. 

If, to suit a short focal distance, the curvature of the lens re- 
quires to be great, it will simpK^ the labor of the artist, i( pre- 
viously to its being thus fitted to its handle, the. ^lass is reduced 
upon the grindstone as nearly as possible to me shape of the 
gauge. Some judgment is, however, necessary in this pr6cesB, 
lest the abrasion should be carried too fiu*, even in any one mi- 
nute point, which would render the glass wholly unserviceable. 

The convex form is that which is most commonly given to 
lenses; and in describing the process for efiecting this, the 
mode of producing concave glasses will equally be imderstood; 
the only difference between the two methods being this, — that 
in the nrst operation, the concave tool and gauge are brought 
into use ; while for liie other, those having a coQvez form are 
em^oyed. 

The whole being thus prepared, the concave tool is fixed 
firmly on the working bench; and having some fine emery 
sprinkled on its sur&ce, the glass is wc»rked upon it with circu- 
lar and cross strokes alternately ; the artist being carefiil that 
the centre of the glass shall never pejEB beyond the edge of the 
tool. 

When by these means the glass has been so far ground that 
its sur&ce coincides with that of the tool at every point, the 
emery is to be wasdied away, and some of the finer kmd substi- 
tuted ; and so on through three or four difierent degrees of fine- 
ness, until all the roughnesses and apparent scratches on the 
glass are worn down, and it has become perfectly smooth to the 
touch, although dull and opaque to the eye : after this it is 
sometimes further ground with finely pounded pumicenstane. 

At the expiration of every &ve or six minutes, during this 
grinding process, the sur&ce of the tool is rubbed for a short 
time within the concave tool, that its proper curvature may be 
perfectly preserved. When the operation has been completed, 
the glass is easily separated fix>m its wooden handle by means 
of a thin knife, and the piteh is removed by rubbing it with oil 
The side which has been ground is, in its turn, fixed upon the 
wooden handle, and the other side is then ground in the same 
manner as the first 

Convex glasses are frequently prepared for common purposes^ 
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in another maimer. The concave tool is fixed upon the lathef 
uid the glass bein^ held steadily in the hand, and sprinkled 
With, emery, is applied to the tool during its revolutiona For 
concave glasses, tiie convex tool is fitted to the lathe, and the 
glass is in like manner presented to it ; but this method, although 
easier and more expeditious, is greatly inferior in its result to 
hand-grinding, and cannot be resorted to when any thing like 
perfectness in the intended instrument is desired. 

The same brass tool which is used fi)r grinding, serves also 
for polishing lenses ; but before it is thus employed, a smooth 
thick piece of felt must be stretched over and cemented to it, 
and the outer surface being then covered with wa^ed piuttv 
powder, which is a combination of the oxides of tin and lead, 
tJie tool is worked upon the lens with the same motions as are 
employed in grinding it The consistency of the powder is a 
point requiring attention ; for if it be too moist, it will cause 
the fibres of l£e felt to rise up and polish, not only the sur&ce, 
properly speaking, but likewise the mnumerable hollows, which, 
notwithstanding all appearances to the contrary, are actually 
left in the evac&e &om the grinding. If the lens be subjected 
to examinaticm in a microscope, uiis efl^t will be rendered 
fiilly apparent The evil consequence resulting from this de- 
fect is, that the cavities being polished, admit the rays of light, 
and disperse, instead of collecting them, as would be the case 
if the sur&ce were uni&rm. \^en this fiiult exists in a de- 
gree so exaggerated as to be visible to the naked eye, the lens 
is said to he, curdled. 

An excellent method has lately been adopted by an eminent 
optician in London, whereby this defect is avoided. Bees' 
wax is hardened to a proper degree by admixture with dry red 
sulphate of iron, which has previously been carefully washed ; 
and instead of the covering of felt, this compound is melted 
over the brass tool. When cold, the casing thus formed is suf^ 
ficienUy hardened to be turned to the required curvature, and 
the tool, when this has been done, is in a fit state for use. 

The peculiar advantage of this compound, as a polishing 
substance, consists in its perfect uniformity; besides which, it 
has this further recommendation, tliat if any hard particles 
should accidentally insinuate themselves between the tool and 
the lens, and which in other circumstances would scratch the 
glass, the wax is sofiGicientiy yielding to allow them to buiy 
Siemsfelves in its substance, so that all injury of this kind is 
avoided. 

Lenses which have been thus treated, will bear examination 
with a microscope, their polish appearing uniformly clear and 
defined. 
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Convex lenses in their simple state have heen used for col- 
lecting the heating rays of the sun, or for forming what are 
called huming-glasses. One of the largest lenses ever applied 
to this purpose was made of flint glass by Mr. Parker. The 
diameter of this ^lass was 3 feet ; its focal distance was 45 
inches ; and the circular spot of light wliich it cast at the focal 
point was 1 iuch in diameter. Still &rther, and as much as 
possible to condense the rays, Mr. Parker employed a smaller 
lens, 13 inches m diameter, in conjunction with the larger one, 
and by means of this the heating rays were concentrated at 
tiie focal point to f of an inch. The ejects produced by this 
arrangement were surprising: 20 grains of pure gold were 
fused in 4 seconds; the same effect was produced on 10 grains 
of platina in 3 seconds ; and a diamond, whose weight was 10 
grains, was found to have lost 4 grains after having been placed 
within the focus during 30 minutes. 

This lens, which cost 700^., has since passed mto the posses- 
sion of the emperor of China. 
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ON THB PRINCIPAL DEniCTS OBSBRVABLB IN GLASS. 

8tri»— Render Glass unfit for Optical Purposes.— Threads — Render GlasB 
fragile.— Cause of tbis.— Tears— One of the greatest Defects.— Render 
Glass useless.— Knot8.—Bubble8.— Whence they proceed. — Do not mucb 
atEsct the Q,uality of Glass.— Objects to be attained for avoiding these De- 
fects.— M. Guinand. — His humble Origin.— Energy of Character.— Exam- 
ines Telescopes, and constructs others. — Unable to procure Glass of good 
Q,uality.— Is incited to examine into the Causes of Inferiority.— His ex- 
traordinary Perseverance amidst Accidents and Difficulties. — His ultimate 
Success.— Accident leading to further Improvement. — Prosecutes his art 
in Bavaria.— Returns to Switzerland, and further pursues bis favorite Ob- 
ject.— Dies.— Frauenhofer.— Rises from Obscurity by his Talents.— His 
Scientific Acquirements.— Produces Specimens of perfect Glass.— Dies at 
an early Age.— Respect paid to his Memory. 

The principal defects ohservahle in manufactured glass, are 
itruB, threads, tears, and knots. These, when they occur to 
any extent, all impair its heauty, and some of them injure its 
dctual quality. Although it is not difficult to attain such an 
amount of proficiency in the maimfiicture as will preserve the 
materials from these evils in their extreme degree, yet, alto- 
gether to avoid their occurrence, and to obtain glass of a per- 
tect quality, is a task that long, and with only doubtful snccesB, 
has engaged the thoughts and labors of men devoted to scien- 
tiiic pursuits. The difficulties that attend the attainment of 
this object are sufficiently proved by the fiict that, during ten 
years, one of the most considerable and most scientific opticiaos 



CHAP. XI. DEFXCirs IX GLASS. 198 

in London has been disappointed in his effi>rts to procure a disc 
of flint glass only five inches in diameter, sufficiently fitted, by 
the absence of defects, to be employed in the construction of a 
telescope. 

Striae are undulating appearances, perfectly vitrified, and 
equally transparent with any other part of the glass : they do 
not occasion any roughness or inequality in the surfiice, but re- 
sult from a want of congruity in the composition of the parti- 
cles which make up the substance : in other words, the struc- 
ture is not perfectly homogeneous; and although each dififerent 
portion may be altogether good in itself, and the whole mass^ 
if made up of any one of these portions, would be equally per- 
fect in itself, yet, the whole acting without any uniformity, the 
rays of light in passing through them are bent or refiracted 
differently, and the objects beyond appear distorted. 

This condition must exist to a considerable extent to be easi- 
ly discernible by the naked eye, or detrimental to the quality 
of the glass, wnen applied to the more ordinary purposes of 
use or ornament ; but glass striated in a scarcely perceptible 
degree, is yet wholly inapplicable to the construction of optical 
mstruments, where the objects they are mtended to present to 
the eye will be many times magnified ; and where, consequent- 
ly, every defect or ^stortion that accompanies their tiansmieh 
son through the glass will be equally enlarged. The end pro- 
posed in the employment oS these philosophical instruments, is 
the minutely accurate examination of distant or very diminu- 
tive objects ; and this purpose it is evident must be completely 
frustrated, by the defect here described. 

The name of threads is usually given to fibrous appearances 
m the body of the glass, which result firom the vitrification of 
clay. Their color iS ^ener than that of the rest of the glass. 
Threads, if existing m great numbers, render the material ex- 
tremely fragile ; and the same effect is produced, i( although 
fewer in number, the threads are mdividually larger. The 
cause of this increased brittleness is, that the dilation and con- 
traction, at different temperatures, of glass, which results from 
the fusion of clay, differ from those of glass made with silice- 
ous sand ; for which reason, each in turn exerts a hurtflil influ- 
ence upon the other. . 

Tears are, perhaps, the greatest defect that can be'fbund in 
glass. They are in fact an exaggeration of the imperfection 
la^ described, and usually proceea from the fiision and vitrifi- 
cation of portions of the clay that forms the arch of the fbr- 
nace, and which are suffered to drop into the "pots, and to float 
in the glass while in its state of fusion. Wherever these tears 
exist, the material is brittle in a very high degree, so as fre- 
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quently to crack, without any apparent cause, by the naere rf- 
fect of the unequal expansion just described, which accident w 
more likely to occur in proportion as the drops are nearer to 
the surface. This defect is one of so serious a nature, that it 
is usual, on discovering its existence, at once to throw aside 
the glass as useless. In places where, as is frequently the case 
in England, covered crucibles are employed, this accident is in 
a great degree avoided. 

Three kinds of knots are observable in glass; one of these 
arises from the aggregation of several imperfectly vitrified 
grains of sand. Another is owing to some portions of glass 
gall not having been removed during the refining; and the 
thu-d kind is produced by any small parts of the crucible or of 
the furnace which, having been abraded by the rubbing of the 
tools or other accidental circumstance, have fallen into the 



Small bubbles are frequently seen abundantly spread through- 
out the substance of the glass. These indicate an imperfect 
degree of refining, and proceed from the disengagement of 
gas which occurs during the process of vitrification. Their 
presence announces that the glass has not been sufficiently fluid 
in the course of its refining to allow of their dispersion. This 
may happen through one of two causes, either that a sufficient 
amount of fluxing material has not been used with the sand, 
or that the fire has not been sufllciently intense for the due 
liquefiiction of the compound. These bubbles are chiefly ob- 
jectionable on account of their unsightly appearance, and do 
not really deteriorate the quality of the glass even for optical 
purposes. In this case each bubble acts as a small convex less, 
rapidly turning aside the rays which strike against it, and oc- 
casioning a diminution of light in proportion to its area. But 
when these bubbles are even numerous, the sum of their 
imited areas will amount to only a small proportion of the 
whole surface of the glass; and the loss of light will be incon- 
siderable.* 

It thus appears that the principal object to be soug^ht afler in 
the manufacture of perfectly homogeneous ^lass is, to avoid 
those variations in the composition and specific gravity of its 
different, parts, which occasion the striated appearance de- 
scribed kbove. To enter minutely, and at length, into a con- 
sideration of the means that have been proposed and adopted 
with a view to remedy this considerable evil, would present 
little that is amusing to the ^neral reader ; while thoee per- 
sons who feel any particular mterest in the subject, or whose 

*Mr. Faraday, Bakerian Lect. ; Fhil. Trans. 1830, p. 7. 
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taste for scientific research leads them to admire the detail of ' 
well considered and ably conducted plans for the mastery of a 
difficult operation, may gratify themselves by consulting Mr. 
Faraday's truly valuable paper already referred to, and which 
will be found comprised in the Philosopliical Transactions for 
the year 1830. 

Some exceedingly favorable specimens of glass for optical, 
purposes have lately been prepared by Mr. Green, the proprie- 
tor of the Stangate Glass-house ; a gentleman whose personal 
attention has l^en unintermittingly given during many years 
to all the practical operations and details of an extensive es- 
tablishment. Mr. Green is &r from asserting that in what has 
been accomplished he has arrived at any certainty in the solu- 
tion of this difficult problem, and feels that at most he has 
iiitherto made only an approach to it; while, however, it is 
6uoh an approach ns justifies the hope, that, through continued 
thought and exertion, a still ^eater and more important d^ 
gree of perfection may be attamed. 

The circimistances which attended the long-continued and 
laborious investigations on this subject of another and a very 
extraordinary man, are, in themselves, so curious and interest- 
ing, and seem likely to be followed by such importaut conse- 
quences, to at least one branch of the art, that a treatise on the 
manufacture of glass might be justly charged with incomplete- 
ness, if it did not furni^ at least a sketch of those circum- 
stancea 

The following account is condensed firom a memoir, read at 
a sitting of the Society of Physics and Natural History of Ge- 
neva, on the I9th of February, 1823, as given m the nineteenth 
volume of the Quarterly Journal of Science, published in Lon- 
don in the year 1825. 

The late M. Guinand was born in an inconsiderable village, 
amoDg the mountains of Neufch^tel in Switzerland. His &ther 
was by trade a joiner, and must have been in very indifferent 
circumstances, as his son was called upon to assist him when 
only ten years old, and without having acquired more than a 
very imperfect knowledge of the first rudiments of learning ; 
a deficiency which was never afterwards supplied, as M. Gui- 
nand always read with difficulty, and wrote very imperfectly. 
He must, even at this early period, have been a lad of consid- 
erable talent, and of a disposition that urged him to the exer- 
tion requisite for raising his condition in society. We find 
him, when between thirteen and fourteen years old, having 
quitted the emplojrment of a joiner for that of a cabinet-maker, 
chiefly engaged in making cases for clocka At this period he 
acquired mm an acquaintance some knowledge of the art of 
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g and wotkinff in melals, cf which knowledge he after- 
availed himswf by adopting, when twenty years of age, 
ccupation of a watch-caae maker, the mann&cture of 
les fanning a very considerable branch cX industry in that 
)f the country. 

tlie house of a peran for whom he then wtH-ked, M. J. 
the constructor of several automaton figures, which tort; 
ago made the tour of Europe, young Guinand enjoyed 
portunity of seeing for the first lime a veiy fine reflecting 
ope which had been, made in England, and which at once 
red to him bo curioue and intere;fting an object, that he 
oned for and obtained leave to take it in pieces, the moie 
l«ly to examine its construction. The use made of this 
isBion was soon rendered apparent by the productiiHi of a 
ir telescope ; and this, which he had constructed with his 
hands, on being eTcamined by many competent person^ 
pronounced by them to be equal m excellence to that 
1 had served him as a. pattern. 

rprised at this success, the gentlemftn to whose kindnea 
»ed this opportunity' questioned the artist as to his ac- 
Ltance with the science of optics, and in particular to whit 
Be he was indebted for his iiroticiencj. The anrprise of 
roz was naturally increased on learning that the inslru- 
had been produced without any knowledge whatever of 
leory of optics, and with no more acquaintance with the 
ice of the art than had been acquired through the exam- 
inof the English instrument M. Droz immediately placed 
ttise on the subject in the hands of the young man, which 
ither deciphered than reed ; but the substance of which 
imbibed 1^ him so completely, that he was enabled, Wler 
issing the making of one pair of spectacles, to £)rni and 
1 lensesi, and to make spectacles tor himself and otheis, 
li were pronounced to be excellent His principal amuss- 
at this time was found in nmnufiicturing telescopes, wtich 
It up at a cheap rate, forming the tubes rf pasteboaid. 
hen the important discovery of achromatic glares reached 
serland, Guinand's mind was very strongly excited by it; 
tf. Droz having obtained a telescope of the new constmc- 
again permitted the young man to examine its varioie 
and structure. The very imperfect state of the arts al 
time in Switzerland, and the deficient means rS Gninaad, 
inted his achieving the construction of a similar inslru- 
. He was unable to produce glasses of diflTerent refiactive 
r ; and it was not until several years atler that an ao 
itance, making a visit to England, conveyed to him a ^cce 
nt glas^ with which, althoi^ it was by no means void of 
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imperfections, being considerably striated, he succeeded in 
making some tolerably good achromatic glasses. Finding that 
not only the glass which he had himself worked, but that every 
other specimen which he examined was thus imperfect, he was 
incited to a more particular scrutiny into the subject, and bring- 
ing into action all the knowledge he had acquired in the art'of 
fusion, he melted in his furnace the fragments of his flint glass. 
All the satisfaction derived from this experiment was the ac- 
quirement of some degree of knowledge as to the composition 
of flint glass, some particles of lead being revived in the metal- 
lic state during the process. Guinand was thirty-five years old 
at the time when this fresh incitement led to his seeking after 
such chemical knowledge as might assist him in experiments 
on vitrification, and his evenings' employment during six or 
seven years was to melt in his blast furnace a few pounds' 
weight of glass, carefully noting down every circumstance at- 
tending each experiment, that he might be enabled to continue 
such as afforded any prospect of advantage, and to avoid others^ 
which had a contrary tendency. 

These small experiments led to no decisive results ; and he 
was upwards of forty years old when, having undertaken a 
new and more profitable trade, that of making bells for repeat- 
ing-watches, he was enabled to devote more of his earnings to 
the prosecution of experiments, which he tlienceforth under- 
took upon a scale more likely by their results to reward his 
perseverance. 

In tliis pursuit he was still exposed to numerous accidents 
and difficulties, which would have deterred most persons from 
continuing the research. His furnace, which he had con- 
structed with his own hands, out of such materials as he could 
procure, and which was capable of melting at once 200 lbs. 
weight of glass, proved defective. He was tiien obliged to pro- 
cure materials for the purpose from abroad ; and having once 
more completed its erection, and consumed much fuel in heat- 
ingit, had the mortification to find that it still required altera- 
tion. Then his crucibles, which he was equally obliged to form 
with materials ill-qualified for the object, cracked during the 
process, and the vitreous matter was lost among the ashes of 
his furnace. Altliough during all this time his Simily arrange- 
ments were formed upon a plan of the most rigid economy, he 
was compelled to employ an interval between each one of his 
experiments in earning at his regular employment sufficient 
means for subsistence, and for providing the apparatus, mate- 
rials, and fuel needfiil for renewing them. 

All this time the pursuit had laid hold so completely of his 
mind, that he was deprived of his natural rest while considering 
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Upon the causes of his various fiiilures, and endeavoring 12> 
son out the means for their prevention. 

Having at length succeeded in obtaining a block of g^laas 
weighing about 200 pounds, and having sawn it into two verti- 
cal sections, he polished one of the faces, in order, as fiur as 
possible, to examine the circumstances produced by the fosioo. 

To account for the numerous and various defects exhibited 
by this specimen, M. Guinand formed a theory which he made 
the groundwork of his future operations. A more intimate 
knowledge of those defects, and a conyiction thus attained of 
the great difficulties opposed to their removal, instead of damp- 
ing Ids ardor in the pursuit, served to infuse new energy into 
his mind. Nor was-he mistaken in his estimate of the obstacles 
to be surmounted ; " so that," as he himself declared, '* the 
sacrifices and exertions which he had previously made were 
trifling when compared with those which he afterwards under- 
went for the purpose of removing these various defects, and of 
rendering his glass homogeneous." 

The steps Sirough which he pursued this arduous under- 
taking, and the methods by which its success was accomplished, 
it is not possible to detail. All that is publicly known upon the 
subject is, that he succeeded in discovering a mode of proceed- 
ing which gave the almost certainty of producing in the fosion 
of a pot containing from 200 to 400 pounds of glaas, one half 
at least of its substance entirely homogeneous, and therefore 
fitted for the construction of perfect optical instruments. With 
this result, satisfactory as it would have been to most men, 
Guinand expressed himself by no means contented, and con- 
tinued his researches, without, however, ever arriving much 
nearer to perfection in the art 

He was now enabled to make for use discs of glass perfectly 
homogeneous, with a diameter of twelve inches; a great 
achievement, when compared with what had been at any time 
accomplished by others. 

On one occasion the artist had succeeded, through much 
carefulness and exertion, in obtaining a diisc eighteen inches in 
diameter, and of a quality perfectly satisfactory. This was al- 
ready finished and placed m the annealing oven to cod gradu- 
ally, when, through some unaccountable accident, the fire 
caught the roof of his humble dwelling. With some trouble 
the flames were extinguished ; but the water used for this pur- 
pose had found its way into the oven, and the precious deposit 
was destroyed. It is said that the discouragement caused by 
this accident prevented M. Guinand fix)m afterwards attempting 
any similarly extensive experiment. He entertained no doub^ 
however, that, with means for operating on a larger scale than 



i 

J 



CHAP. XI. M. QVllXAHD. 199 

he could accomplish, lenses of double or even triple the diatne- 
ter here mentioned, might he produced. 

For some time after he had thus &r succeeded in his object, 
M. Guinand was accustomed to divide his blocks of glass by 
that which appeared the onl^ fitting method, sawing them into 
sections perpendicular to their axis, polishing the sections, and 
then selecting such parts as were adapted to his purpose, re- 
turning the remaining portions to the crucible for future opera- 
tions. By this means he had frequently the mortification or per- 
ceiving that the glass was divided, so as to present a less ex- 
tended surfece of perfect material than the state of the block 
would, if previously known, have rendered possible ; and he 
was. frequently able to procure discs of only small diameter, 
when, could he have been fully aware of the particular circum- 
stances of the glass throughout its substance, he might, by cut* 
ting in another direction, have obtained a more sat^ctory re- 
sult. 

This disadvantage was remedied in a way apparently as un- 
toward as it was singular and unexpected. While his men 
were one day carrying a block of glass on a hand-barrow to a 
water saw-mUl, which he had constructed at the fall of the 
river Doubs, a short distance from his dwelling, the mass acci- 
dently slipped, and, rolling to the bottom of a rocky declivity, 
was broken into several pieces. Endeavoring to make the best 
of this seeming misfortune, such fi*agments of glass were se- 
lected for operation as appeared to be fitted by then: homoge- 
neity for the purpose; and these were softened in circular 
moulds, in such a manner that they furnished discs of a very 
satisfactory quality. Further examination enabled Guinand to 
perceive that the fracture had in a great measure followed the 
variations of density in the glass ; and, pursuing the idea thus 
obtained, the artist thenceforth adhered to a method so singu- 
larly in the first instance forced upon him. 

Afler this, M. Guinand contrived a mode of cleaving the 
^lass while cooling, so that tlie fracture accompanied the direc- 
tion of the more faulty parts; by which course he frequently 
obtained masses of gl£iss which were absolutely homogeneous, 
weighing from forty to fifly pounds. These masses, cleft again 
by means of wedges into pieces of convenient shape, were re- 
melted in moulds which gave them the form of discs ; an ope- 
ration which differs essentially from that used by other glass- 
makera 

Several years of his life were thus employed by this extraor- 
dinary man in making bells for repeating-watches, and con- 
structing achromatic telescopes with glass of his own prepar- 
ing.- The retired spot wherein he resided, offered only very 
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limited ppportimities for acquiring a reputation in the world ; 
yet, by degrees, the superior value of his labors became appre- 
ciated, and he was visited by such men of science hb travelled 
into the neighborhood of his dwelling. By one of these, a 
knowledge of his merits was conveyed to M, Frauenhofer, the 
chief of a celebrated manufactory for optical instrument^ es- 
tablished at Benedictbeum in Bavaria. This gentleman having 
in consequence obtained some discs of glass made by Guinand, 
found their quality so satis&ctory, that he repaired in person to 
Brenets, where the artist resided, and engaged him to settle in 
Bavaria. This was in 1805, when Guinand was upwards of 
sixty years of age. He continued at Benedictbeum'^during -nine 
years, occupied solely in the manufacture of glass, to the great 
mcrease of M. Frauenhofer's reputation. 

Being desirous, at the end of this time, to return to his native 
land, a pension was granted to him by the establishment, on 
condition that he should no longer employ himself in making 
glass, nor disclose his process to any person whatever ; a con- 
dition which did not long agree with the still active energies 
of his mind. Believing that by new experiments he could raise 
his discovery to a yet higher degree of improvement, he obtain- 
ed the consent of M. Frauenhofer to cancel their subsisting 
a^eement; and relinquishing his pension, once again devoted 
himself with ardor to his fevorite pursuit 

M. Guinand lived for several years after this time (1816,) 
and produced sev^^ telescopes of ^reat magnitude, and re- 
markable for their excellence ; it bemg perhaps not the least 
extraordinary among the circumstances attending them, that, 
to use the words of the memoir, whence the foregoing accouDt 
is drawn, '* they have been constructed by an old man upwards 
of seventy, who himself maimfactures the flint and crown glass 
which he uses in their construction, after having made with his 
own hands the vitrifying furnace and his crucifies ; who, with- 
out any mathematical knowledge, devises a graphic method of 
ascertaining the proportions of the curves that must be given 
to the lenses, afterwards works and polishes them by means pe- 
culiar to himself; and lastly, constructs all the parts of the dif- 
ferent mountings, either with joints or on stands, melts and 
turns the plates, solders the tubes, prepares the wood, and com- 
pounds the varnish." 

Arrangements had been made by the French government 
for purchasing his secret, when the artist, verging on his eigh- 
tieth year, died, after a short illness. That secret did not, how- 
ever, die with him, but is possessed by his son, who continues 
to labor in the employment so singularly commenced, and so 
successfully and energetically followed by his father. 
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The name of Frauenhofer, which has been introduced in the 
foregoing narrative, is one intimately connected with inquiries 
in the art of making perfect glass. U would be wrong to leave 
the reader imder an impression that the merit of this artist was 
limited to the single act of patronage extended towards Gui- 
nand, and which, ^though indicative of his discernment as a 
tradesman, would af&rd no reason for investing him with any 
part of the extraordinary merit which truly bskmged to liis 
character. 

like Gninand, his beginning in life was humble ; being in- 
debted solely to the powers of his own mind for the eminence 
to which he attained. Having occupied the lowest station as an 
ordinary workman in a great manu&cturing establishment, he, 
by the force of his transcendent talents, and in the course of a 
few years,' raised himself to the chief direction of its business. 
During the intervals of labor he acquired a competent know* 
ledge of mathematical science ; and devoting himself to the per- 
fection of the refracting telescope, proved 3iat he possessed a 
truly philosophical and scientific mmd. Having soon mastered 
the theoretical difficulties which presented themselves, he still, 
however, found all his labors unavailing, through the imperfec* 
tioQ of the material employed ; and set himself to remedy this 
evil, by a series of admirable experiments. 

It might be thought invidious to inquire in what degree his 
saccess in these was owing to the previous labors and a^ist- 
ance of Guinand, or how rar^his discoveries were personal and 
original. Both produced and left behind them specimens of 
perfect glass in large pieces ; but the public has equally in 
either case to regret the want of knowledge as to the processes 
employed for the attainment of an object so desirable. ' 

Frauenhcrfer died in the year 1826, at an'early age ; a victim, 
it is said, to unremitting attention bestowed upon an unhealthy 
employment Had his life been continued to the same length- 
ened period as Was allotted to his fellow-laborer, what might 
not the world have expected from one, who so early had burst 
the chains of ignorance, aiid overcome the paralyzing difficul- 
ties of birth and adverse fortune; taking his station during 
life among- the genuine philosophers of the age, and falling, 
admired, and lamented, and eulogized by the most scientific 
societies, of Europe! 

The great value of flint glass, from which all perceptible 
defects are absent, may be imagined from the sketch which 
^ here been given of the eflSrts made for its production. 
Very high prices are, in fiict, paid for object glasses of a satis- 
factory qiwlity, which are of any magnitude; while even small 
^i^gments of suc^ glass are sought after by opticians with 
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great avidity. A few years ago the director of one of the 
London glass-houses having made a pot of flint gkss for optical 
purposes, sold this, in the regular course of his business, to a 
commission merchant, who transmitted it to his correspondent 
on the Continent Some months having elapsed thereafter, 
during which time its possessor had ascertained the true value 
of his purchase, the manufacturer was surprised at receiving 
numerous inquiries on the subject of this lump of glass, on the 
part of several English opticians. These were anxious to pro- 
cure portions of a material, the fame of which had reached 
them from abroad. Upon this, the maker instituted a search, 
and liaving succeeded in identifying some fragments, as having 
formed part of the same melting, was enabl^ to procure veiy 
considerable prices for that upon which he had previously set 
little or no value, and which had been preserved only through 
accident 

On a yet more recent occasion, information having reached 
London that a large and superior object glass was on sale in 
the metropolis of a neighboring kingdom, one of our most cele- 
brated astronomers hastened across the channel, and while 
others were chaffering with its possessor about the price, oar 
countryman stept in, and paying at once the full amount de- 
manded, brought off the prize, to the great mortification of his 
competitors. 



CHAP. xn. 

ON THE SPECIFIC GRAVITT OF GLASS. 

Importance of this Q,uality.— Experiments of Loysel. — His Reasonings and 
Formulae.— Specific weight augmented by Lime.— Mixed Glasses.— Their 
Specific weight. — Method of Determining this.— Influence of Temperature 
on the Specific weight of Glass. 

The specific gravity of glass is a quality of considerable im- 
portance, when the material is required for conversion into the 
object-glasses of achromatic telescopes, or for the compositioa 
of counterfeit gems, although any very minute attention to this 
point is not considered essential in conducting the commooer 
processes of the glass-house. 

Loysel, to whose justiy esteemed work on the art of gla» 
making allusion has been so frequentiy made in tiiese pagee^ 
went mrough a series of experiments upon the specific giayi- 
ties of various vitreous bodies, with the view of giving soch 
instructions for the composition of the nicer qualities ^glas^ 
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as should absolve manufacturers from the* necessity of makioff 
thoBe preliminary trials upon every occasion, which are attended 
by much inconvenient delay in the prosecution of extensive 
operations. 

Adopting the practical aim of this French author, some of 
his ingenious formul© will be here given, together with a state- 
ment of the premises whereupon they were founded. 

The specific gravity of water being expressed by the num- 
ber 100, that of sand is 263 ; while soda deprived of all car- 
bonic acid by fusion in the furnace of a glass-house, is of the 
specific weight 199, and the same substance, wh^i brought 
again by cooling to a concrete state, is not heavier than ^2. 
It might, therefore, be supposed that the specific weight of 
glass, considered as a compound of sand and alkali, would be 
diminished in proportion as its dose of silica was lessened and 
that of its alkali was augmented. The contrary of this fact 
results, however, from the combination of these two substances 
through the agency of fire. 

"&Lnd," says M. Loysel, "contains, in addition to silica, 
some other substance, the nature of which has not been investi- 
gated, and which is sensibly disengaged from the silica by the 
alkali, in the form of an elastic fluid, in the act of their com- 
bination to form glass. 

" We are ignorant of the degree wherein caloric adheres 
more or less strongly to one or other of these substances ; in 
other words, their capacity far heat is not known; but, in 
order to avoid errors, it will suffice, that we know the results 
of several similar combinations. If we ascertain carefully the 
doses of silica and alkali, which compose glasses formed of 
these substances at difiTerent degrees of heat, together with 
their various specific gravities, we perceive that the difi^rences 
between their doses of alkali are obviously proportional to the 
differences of their weights. Knowing then how far these 
proportions vary in respect of two descriptions of glass, we 
have it in our power to compute, with respect to a third com- 
position, either its quantity of alkali from its specific gravity, 
or, on the other hand, its weight from its dose of alkalL" 

From actual experiments made on different glasses, the fol- 
lowing results have been obtained, the weight of water being 
expressed by 100 :— 

Cilass, No. 1. contained 80 parts silica, 90 parts alkali, its specific ^avity 236 
No. 2 54 — silica, 46 — alkali, its specific gravity 254 

Difference 26 18 

If it 1)6 then required to know what proporticms of the same 
materials must be used for the production of another glass, 
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Na 3., the specific ^vity of which wiU be 242, the solution 
of the question may be found by the following foxmvim : — ^As 
the difiference between the specific weights of the compounds L 
and 2., which is 18, is to the difiference between the weights 
of 1. and 3., which is 6 : so is the difiference between the doses 
of alkali employed in Nos. 1. and 2., which is 26, to the difier- 
ence between itie doses of Noa 1. and 3., and which difiference 
is thus found to be 9. Adding then this number to that which 
represents t^e alkali of No. 1., we may conclude that the glaas 
of No. 3. must contain 29 parts of alkali and 71 parts df alica. 
It has been proved by experiment that glass of the niecific 
gravity proposed, 242, is composed by the union of 70 of silica 
with 30 of alkali. 

When a manufacturer has thus two well-established resulta 
to serve as general means of comparison, the simple ascertain- 
ment of specific gravities will sufiice for determining if any 
variation has taken place in the manu&cture, as weu as for 
discovering, and in general remedying, its cause. 

If amr ]ime enters into its composition, as is the case with 
^lass of common quality, its weight is rapidly augmented, and 
it is therefore useful to determme, from tune to time, the 
weight of the glass produced, comparing it with that of some 
other sample which is known to have been well and carefiiUj 
made. If it is seen that the weight increases, it may be con- 
cluded, either that a larger proportion than usual of lime is 
present, or that the fire Ims not been sufficienty urged, and that 
too large a proportion of alkali has been allowed to remain in 
combination with the glasa 

The rule already stated is said by M. Loysel to apply with 
equal certainty to the heavy glasses composed of silica and 
oxide of lead, the differences between the weights of various 
specimens of flint-glass being also proportional to the dififer* 
ences in th^ir quantities of metallic oxide : — 

Glass, No. 1. composed of 27 sand 73 minium, has a specific gravity of ^ 
No. 2. 11 — 89 657 

Difference IG 137 

From these data, the specific gravi^ of another compositioD, 
No. 3. — ^made up of 20 parts sand and 80 parts minium, may 
thus be ascertained : — ^As the difiference between the quantities 
of minium contained in Nos. 1. and 2. is to the di^rence be- 
tween the proportional quantities of minium in Nos. 1. and 3.; 
so is the difference between the weights of 1. and 2. to the 
difiference between the specific gravities of 1. and 3., and which 
is thus found to amount to 59 ; which number, the quantity of 
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oxide being greater in No. 3., must be added to 590, the weight 
of No. 1., and we thus have 579 as the weight of tiie proposed 
composition. 

In forming flint glass, it is proper, in addition to the sand 
and minium above supposed, to employ alkaline substances ; 
and it is desirable that the manufacturer should have it in his 
power to predict, within a trifling amount, the specific weight 
of every compound that he may determine to employ. The 
means to be employed by him mr the attainment of this end 
are founded on the following considerations :-— 

The manufacture of flint glass requires the employment of a 
lower degree of heat than is necessary for the formation of 
other descriptions, which do not contain an equal abundiuice 
of fluxing materials for vitrifying the sand. The temperature 
of the furnace is commonly such, that if glass be made in it 
composed of silica and alkali in such proportions that the one 
will saturate the other, it will usually contain about 75 parts 
of silica, and 25 parts of alkali ; and this glass will have a spe- 
cific gravity of about 24 The same means of heating being 
empbyed, 73 parts of minium will be saturated by 27 parts of 
sand, producing glass the specific weight of which is 52. In 
practice, it is, however, prc^ble, that 75 parts of minium will 
combine with 25 of sand, and the result will have the specific 
gravity of 54. 

On the other hand, if two glasses of different character, one 
of which is composed of silica and alkali, and the other of silica 
and lead, are melted together, the specific gravity of each being 
known, the weight of the compound resulting from their union 
will depart in only a very trifling degree from that which 
would he given by calculation, according to the usual rules for 
determining the specific gravities of alloys. The same result 
will equally ensue, i^ instead of thus previously forming two 
different kinds of glass, the materials of which they shomd be 
composed are themselves brought together for the purpose of 
their original vitrification. 

If, then, we consider the sand of the composition as divided 
into two portions, one of which must necessarily combine with 
the minium for its vitrification, while the other is required for 
the saturation of tlie alkali — ^the surplus quantity, if any, of the 
latter constituent being dissipated by heat during the process 
of vitrification; the calculation necessary for determining the 
-weight of the compound will proceed according to the blow- 
ing example:— 

Xet it be supposed that the mann&cturer wishes to form flint 
glass by the union of 100 parts of sand, 50 parts of minium, 
and 40 of potash. These materials might be divided into the 

S 



306 GLASS BIANlTPACTfTBe* CflAF. Xlt. 

following proportions fbr producing two very different descrip- 
tions of glass: — ^Thus, the 50 pa^ of minium, which woald 
be reduced in the process of vitrification to 48 parts, would be 
completely vitrified by the addition of 16 parts of sand ; the ab- 
solute weight of glass thus formed would be 64, and its specific 
weight (that of water bein^ 10) would, as before stated, be 54. 
Tlie quantity of sand remaming (84 parts) might be combined 
with the whole of the potash; but as, in the process c^ vitrifi- 
cation, all the surplus quantity of the alkali would be dissi- 
pated, glass woidd be formed containing 84 parts of sand and 26 
of potu^ having 112 as its absolute, and 24 as its specific 
weight If, then, tiie whole materials are placed together in 
the crucible for their original vitrification, we i^U have, ailer 
the redaction of the mimum by 2 parts, and the dissipation by 
heat of 12 parts of potash, a glass, the absolute weight of 
which IB 176, and whereof we desire to know the specific 
gravity. For ascertaining this, the specific weights of the two 
kinds of glass that might be separately formed, must be multi- 
plied into each other, and their sum again multiplied by the ab- 
solute weight of both, in order to find a dividend. Proceeding, 
then, with the absolute weights of the two descriptions df 
glass which might be formed, and multiplying each separately 
by the specific weight of the other, adding the two prodacts 
together, another sum will be obtained; bv employing which as 
a divisor, the quotient will be equal to the specmc gravity of 
the compound. 

Thus, in the above example, the specific weights, 54 and 24, 
of the two descriptions, being multiplied into each other, and 
their sum multiplied l^ 176, the absolute weight of both, a 
product will be obtained of 228,096 for the dividend. Multi- 
plying, then, 64, the absolute weight of one glass, by 24, the 
specific weight of the other; and again, 112, tiie absolute 
weight of the remaining glass, by the remaining specific weight 
54, we have two sums, 1536 and 6048, which, added togetiier, 
and employed as a divisor, gives, as its quotient, a very minute 
fi^u;tion over 90, which is known to be the specific gravity of 
glass composed of sand, minium, and potash, in the proportions 
first stated. 

With respect to heavy glasses, results are obtained by calcu- 
lation, which are rather greater than the reality; a circum- 
stance for which it is not difficult to account The great abun- 
dance of oxide of lead used in their composition, attacks the 
body of the crucible, so as partially to dissolve it; and being 
thus provided with a somewhat larger proportion of the lighter 
material, the weight of the compound will be necessarily and 
'prq)ortionally diminished. This difierence between the com- 
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puted and the real wei^fhts will, of course, be gtealer, tcoordiiig 
SB the proportioD of minium is augmented ; its action upon the 
crucible being, by such means, rendered more destructive. 

Notwithstniding the deme of uncertainty thus occasicnedy 
it must still be useful to know how, by a very simple calcula- 
tion, to make a near approzimati<xi to the truth, and thus, aa 
already said, to avoid the necessity of conducting long and on- 
certain preliminary experiments. 

The specific gravi^ of glass is influenced by the degree of 
heat to which it has been exposed during its vitrification; be- 
ing always least when the temperature baa been greatest The 
cause of this variation is to be found in the different quantities 
of alkali that have been dissipated, the silica appearing to de- 
part fit>m the completeness of its aggregation, m proportion as 
it is deprived of alkali.* 

Flint glass is not entitled to any drawback upon its exportar 
ticHi, unless its specific gravity be at least three times that of 
water. The duty drawn back on the shiimient of flint glass is 
considerably greater than the rate origiiudly paid aa other de- 
scriptions; and but for the resort which is liad to its gravi^ aa 
a test, those other descriptions might in many cases be substi- 
tuted, and a considerable profit be thereby firaudulently obtain- 
ed by the exporter at the expense of the revenue. 

* Tbe rule for ascertaining the mean ipeeific gravity of difibrent bodies 
shoald never be relied on until verified by experiment. The condenaation of 
volume which aome subetancea undergo when brought into combination 
with others, ia such an to render all calcalationa concerning them, under 
such circumstances, vague and erroneous. From the experiments of M. 
Loyiel it would appear, however, that except in the case which he has no- 
ticed, that of employing different degrees of heat, this condensation does not 
occur with the various compositions of which glass is formed, and recourse 
may therefore be had to the formula usually employed for ascertaining mean 
■peciflc gravities, when we desire to determine those of diflferent vitreous 
combinations. The rule is as follows : 

The specific gravity of one body is to that of another, as the weight of 
the first divided by its vohime is to the weight of the second divided by its 
volume ; and the mean specific gravity of the two is found by dividing the 
sum of the weights by the sum of the volumes. 

Let W, w, be the two weights ; V, «, the two volumes ; P, p, the two spe- 
cific gravities ; and M, the calculated mean specific gravity. 

W-fiD W to W^-l-tdP 

Then,M = ;BndV4.«= — |- — = ; hence 

y+v p i» Pjp 

W-fto W+w (W+tt>)Pp 
V + t) Wp-\-u)V'^ Pw+pW 
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CHAP. xm. 

OH THE ART OF OOLORINO GLASS. 

Antiqaity of this Art.— Specimena of Roman Mosaic. — ^Analysis of these 
by Klaproth.— Metallic Ozidea.— Gold-Purple.— Its great Coloriiij Power. 
— ^Kunckel.— His Proficiency in Coloring Glass.-Yellow Color— Prom Sil- 
ver—From Lead— From Tartar— From Beechwood Charcoal- From Oxide 
of Iron.— Green. — Black Glass.— Blue.— Directions found in old Authors. 
—Imitation of the Garnet— Of the Amethyst— Of the Emerald— Of Sap- 
phires.— Opaque Glasses — Black — White— Opal. — Ancient Pictures form- 
ed of Colored Glass — How executed. — Description of Ancient Moaaiea.- 
More recent Prosecution of this Art. — Accidental Coloring of Plate Glass 
at St. Grobain. — Ineffectual Attempts to reproduce this Effect. 

It appears probable that the art of coloring' glass was disco- 
vered and prosecuted at a period very little suteequent to that 
of the manufacture of the article itself The most ancient au- 
thors who have mentioned the existence of the material, have 
also recorded the &ct of its being tinged with various colors, 
in imitation of gems. Strabo, ^neca, and Pliny, all make 
mention of this use, as being one to which glass was applied 
by artists in very early times. 

. The fact has already been mentioned of colored figures hav- 
ing been found with f^ptian mummies, and which are, thero- 
£>re, known to have been in existence for upwards of 3000 
years. These curious relics of ancient times have also been 
discovered decorated with colored glass beads; and a mummy 
thus ornamented is to be seen in the British Museum. 

In the reign of Augustys, the Romans began the use of co* 
lored glass in the composition of mosak? decorations. Several 
specimens of tliis kind have been found at a late period, among 
the ruins of a villa built by Tiberius in the island of Capri; 
and some of these specimens having been subjected to analysis 
by the accurate and ingenious Elaproth, it is known that in 
that early time recourse was had to the same class of coloring 
ingredients as is employed by the modema Some difiference 
most, indeed, have been observed in their processes, as the an- 
cients were unacquainted with the use of the mineral acids, 
which are now found to be so convenient in the preparation of 
metallic oxides. 

Klaproth has given the following as the result of his exami- 
nation of some of the Roman specimens above menticMied : — 

One which was a lively copper red, opaque, and very bright 
where recently firactured, contained, in 200 grains, — 
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Silex 142 

Oxide of lead 28 

copper 15 

iron 2 

Alumine 5 

Lime 8 

195 

Another, a light verdigris green, also opaque, with a splendent 
fracture and scoriaceous, contained in a similar quantity, — 

SUex 130 

Oxide of copper 20 

lead 15 

iron 7 

Lime 13 

Alumine • 11 

106 

It is remarkable that the constituent ingredients of both these 
specimens should prove to be the same. The difference be- 
tween them exists only in their relative proportions ; and the 
colors depend upon the different degrees of oxidation of the 
copper. Sub-oxide of copper, — that is, copper which has com- 
bined with itself only half the quantity of oxygen requited fi>r 
the production of the perfect oxide — ^produces a red enamel ; 
while that which has received its full proportion of oxygen 
yields a green enamel color. 

The specimen of ancient blue glass which was analyzed by 
Klaproth contained, — 

Silex 163 parts. 

Oxide of iron 10 

copper 1 

Alumine 3 

Lime 0} 

186} 

It appears, therefore, to have been indebted to the oxide of iron 
for its blue color, as no trace was detected of any other ingre- 
dient to which this could be referred. Since the discovery of 
the certain and commodious method of producing blue enamel 
by means of cobalt, the art of obtaining this color from iron has 
been lost 

S2 
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The causes which influence the employment of metallic ox- 
ides for the emhellishment of porcelain have heen sufficiently 
detailed in the preceding treatise. The same reasons also 
oblige the artist to have recourse to the same class of sub- 
stances for imparting colors to glass. The mode of application 
of coloring materials to these two branches of manufacture dif- 
fers, however, in this, — ^that while, in ornamenting porcelain, 
they are applied superficially, in the manner of pigments, they 
enter more intimately into the composition of glass, being 
transfused through- the whole mass, and equally incorporated 
with its entire substance. 

The preparation of metallic oxides as coloring materials is 
nearly similar in all cases; it will not, therefore, be necessary 
here to repeat directions, or to give many explanations upon 
that head. 

Gold, in a state of great division and oxidated, has long been 
celebrated a^ a means for imparting to glass a most exquisite 
purple-red color resembling the ruby, and nearly equalling that 
gem in the richness of its hue. It is not by any means easy to 
prepare glass of this color with any certainty of a succe^ul 
result The great tendency which is shown by gold to assume 
the reguline state, when exposed to. excessive heat, to carbona- 
ceous vapors, or to the action of hydrogen, renders necessary a 
great degree of careful management in the various processea 

The manner has already been given of preparing the purple 
precipitate of Cassius ; the form wherein gold has been usod 
with so much celebrity in imparting red and purple colors. It 
has been very generally imagined, that the tin used in the pre- 
paration of this precipitate is essential to the production of the 
requisite color; an opinion which has been shown to be void of 
foundation, as preparations of gold have been made without the 
agency of tin, and which have equally possessed the power of 
imparting tiie finest purple color to glass. The coloring proper- 
ty of any of the simple oxides of gold is found to be mate- 
rially greater than that of Cassius's precipitate; which circum- 
stance has been brought forward as another argument to prove 
that the presence of tin is far from adding any thing to the 
body of the color. It is probable, however, that, although not 
indispensable, tin is yet useful, as enabling the gold to bear 
without reduction a higher degree and a longer continuance of 
heat With this same object, it has been recommended to add 
to the precipitate, before using it, a small quantity of nitre, by 
which the gold will be preserved at its due degree of oxidation. 

It is not essential that gold used for this preparation should 
be absolutely pure or unalloyed ; since neither copper nor sil- 
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ver, when present in small quantities, appears to alter or di- 
minish its coloring- power. 

Fulminating gold, prepared by precipitating the metal from 
its nitro-muriatic solution by means of ammonia, is also used in 
coloring' glass ; but as this preparation would explode violently 
when exposed to a heat even very much below that to whicn 
it must be subjected in use, this explosive property must be 
previously removed by mixing it witii a fixed alkali, and re- 
taining it for some time at a comparatively low temperature. 
A more manageable preparation results from the precipitation 
of the nitro-muriate of gold by means of carbonate of potash. 
This is not fulminating, as it is from the presence of ammonia 
that the explosive property is derived. 

A very ingenious process has been used for producing an in- 
timate union between the oxide of gold and silex. This con- 
sists of adding to the solution of the metal in nitro-muriatic 
acid, a proportion of silica dissolved in an alkaline lixivium, 
and pouring therein any acid in sufficient quantity to saturate 
the alkali. In this case, the silex and gold are precipitated in 
very intimate combination ; and if then washed with clear 
water, dried, and mixed with nitre, borax, or any other suitable 
fluxing substance, will be fit for use as a coloring material 

When the precipitate of Cassius is employed, about one 
sixth part of its weight is added of perfect white oxide of anti- 
mony. This, from imparting a yellowish tinge, is considered 
to be an important ingredient in fine ruby-colored glass. 

The proper management of the heat employed in the pro- 
duction of this much-admired preparation is a difficult acquire- 
ment, known only to clever and experienced artists. If the 
temperature be allowed to rise too high, the color will be much 
injured, and probably even altogether destroyed. The contact 
of every kind of smoke and vapor should also be carefully 
avoided in the fusion of ruby-colored glass, which is said to be 
apparently colorless when it leaves Sie crucible, and only to 
put on its exquisite tint as it becomes cool. 

Kunckel and other old writers upon the artof manufiicturing 
glass have stated, that the coloring powers of the purple pre- 
cipitate of Cassius are so considerable, as that one part, if added 
to one thqusand parts of glass, will impart to the whole a full 
and rich body of color. 

The artist just mentioned, who was greatly celebrated for 
his attainments in tliis ornamental branch of the art, was in 
consequence ennobled by Charles XL king of Sweden, and as- 
sumed the name of Lowenstiern. He made artificial rubies, 
which were highly esteemed, and which he sold, in the man- 
ner of real gems, according to their weight, and at very consid- 
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erable prices. The achievement upon which he most prided 
himselt, was the production of a cup of ruby glass, which was 
of the thickness of an inch, and weighed twenty-four pounds : 
this cup went into the possession of the elector df Colqgne. 

Eunckel directed, in 1679, the operations of the glass-houses 
at Potsdam, where he met with the greatest encouragement, 
and was libendly assisted in his researches by the elector of 
Brandenburg, who expended the sum of 1600 ducats to assist 
the efforts of the artist towEurds attaining perfection in the art 
of making ruby glass. A cup, with a cover of this material, 
which was made by him, and is Mill in existence at Berlin, 
continues to be an object of much admiration. 

Silver, in all its forms of oxidation, imparts a very pure and 
beautiiiil yellow color to vitreous bodies ; but this color is easi- 
ly destroyed, through the accidental employment of too hi^h a 
degree of heat ; an evil against the occurrence of which it is so 
exceedingly difficult to provide, that silver i^ very seldom re- 
sorted to as a coloring material by glass-workers. The inocm- 
venience here mentioned may in some degree be avoided 
when oxides of silver are used m combination with alumine, as 
in the ornamenting of porcelain ; but this remedy is manifestly 
inapplicable to gla^ Other bodies can, however, be used with 
the best effect in imparting a yellow color to this substance. 

Oxide of lead employed alone, if in very considerable quanti- 
ty, would give a very good yellow color ; but as it would re- 
quire that at least three fourths of the weight of the gkas 
should be made up of this oxide, in order to give sufficient in- 
tensity to the color, it is very seldom used for the purpose. 
Glass thus formed would be mconveniently soft, and from its 
powerful fluxing quality would act injuriously upon the cruci- 
bles \n which it was made. 

Chromate of lead, which is not liable to the objections just 
mentioned, is on that account used preferably. Berore the com- 
paratively recent discoveries in chemical science had shown to 
artists in what manner to procure this valuable coloring ingre- 
dient with sufficient &cility and at a moderate cost, the makers 
of colored glass employed the oxides of lead, silver, and anti- 
mony in combination, for the production of yellow colors; vary- 
ing the proportions wherein each substance was used according 
to the hue which it was desired to impart 

Colors varying in their shades from brown to a fine transpa- 
rent yellow may be given to common glass by simply adding to 
it, while in a state of perfect fusion, some vegetable carbonace- 
ous matter. This must always be supplied in excess, since 
port of it, rising to the top of the crucible, will be burnt avray ; 
but some portion will also continue uniformly difiused through- 
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oat the gluBSy and, Without at all impairiiifr its transparent qual- 
ity, will give to it a very fine yellow. The substance which 
most commonly has been employed for this purpose is tartar ; 
but almost any solid and inflammable vegetable matter will 
probably answer equally welL Charcoal mide from beechwood 
is found to be altogether efficacious. The addition of a small 
quantity of nitre is sometimes useful in clearing the color and 
removing any cloudiness which it may have contracted ; but if 
great di^retion be not shown in the addition of this substance, 
the color will be altogether destroyed. During the time of its 
preparation, the glass swells very much in the crucible, owing 
to the escape of part of the carbonaceous matter in the form of 
gas; and when tartar is employed, this e^ct is experienced in 
an exaggerated degree. It is said that this effervescence might 
be avoided, if freshly burnt and perfectly dried charcoal were 
heated strongly in a close vessel, and added in that state to the 
contents of the crucible. 

The oxides of iron give many and very different shades of 
enamel colors. It has already been mentioned, that the ^reen 
color of common bottle-glass is owing to the presence of iron 
in the unpurified sea-sand and ashes of which it is composed. 
An increased quantity of this oxide, if applied to glass when in 
a etBiJbe of perfect vitrification, will give a yellow color to the 
mass. A still larger quantity vnll impart a brownish black hue, 
which, however, appears to be nothing more than a yellow very 
highly concentrated, as the latter color may be again produced 
by simply diluting the contents of the crucible with an addi- 
tional quantitv ofuncolored glass. 

The red color which is imparted by the oxides of iron to por- 
celain, is owing to its state of imperfect vitrification, whereby 
the metal is held suspended in a state of minute division 
throughout the mass, which same efiect is indeed apparent ui 
the treatment of glass up to a certain point ; but when in the 
advancing stages of vitrification the heat is raised so that a per- 
fect fusion of the glassy substance as well as of the oxide is 
produced, the color is immediately converted to yellow. 

The use of the black oxide of manganese in correcting the 
impurities of the alkali employed in the original composition of 
glass, as well as in removing the green tinge resulting from 
the presence of iron in the sand, has already been explained. 
Where these imperfections do not exist in the original ingre- 
dients, if manganese be added to the glass, it will impart a pur- 
plish red color. This oxide also forms a principal constituent 
in the production of black glasses : it is most commonly used in 
combination with nitre. If any portion of arsenical salts should 
be present in the glass, it is altogether useless to attempt the 
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employinent of manganese as a coloring ingredient, smce its 
efficacy would be w£)lly destroyed. 

All the simple as well as the carbonated oxides of copper, 
when perfectly vitrified in conjmiction with any kind oi glas 
or fluxing material, will yield a very fine green, and the chan- 
ces of complete success in the attainment of this are greater 
than attend the production of most other colors. It appears to 
be nearly a matter of indifference which of the combinations of 
copper with oxygen are employed for the purpose. The pre- 
parations most usually chosen are either the carbonated oxide 
resulting fVom the addition of sulphate of copper to some car- 
bonated alkali, or that which is known as the €B8 ustum, which 
is copper oxidated and calcined simply by means of heat and 
the access of air. 

Copper may be made to yield a carmine red color, and if mix- 
ed witn iron, a ftiU deep red, by adding to the glass with which 
it has already been combined a quantity of tartar. This addi- 
tion must not be made until the glass is in a state of perfect fu- 
sion, and the mixture should be worked off without deli^. It 
should be mentioned that when used for the production of these 
colors, the oxide of copper must be reduced to nearly the rego- 
line state. If the heat is continued long after the tartar has 
been added, the efifect will be lost, and the green color re- 
stored. 

When the oxides of copper and iroa are thus united far de- 
veloping a full deep red color, the iron must be to the copp^ 
in the proportion of three parts to one ; and according as this 
proportionate difference is lessened, so will the color be found 
to approach to the camiine tint 

Ilie time fer sturing in the tartar should be chosen when 
the melted glass appears of a faint greenish yellow ; the whole 
mass will £en immediately swell up prodigiously ; and upon 
again subsiding will appear, as before stated, of a clear red co- 
lor, and fit for being inunediately used. It is probable that cha^ 
coal or other carbonaceous matters might be substituted for tar- 
tar in this process with equal success. 

Copper in a state of oxidation is oflen used when combined 
with tjie oxides of manganese and iron for the production of 
black glass. 

The protoxide of chromium may be used for producing a 
green color in glass, with as much advantage as attends its em- 
plojrment in the embellishment of porcelain, that substance be* 
mg capable of sustaining without injury the highest heat of the 
crucible. Chrome is the natural coloring matter of the precious 
emerald, and is found to be a very Suable substance in the 
composition of artificial gems. 
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Oxide of cobalt is universally employed for the production of 
blue colors in vitrifiable bodies. The fine deep shade which it 
impexts is unalterable by fire of any degree of int^isity, and suc- 
ceeds equally well with every different composition of glass. 

This metallic oxide is also employed towards the composition 
of other colors : combined with me oxides of lead and antimony, 
it furnishes a green ; and if mixed with those of manganese and 
iron, produces a very fine black. 

Neri, Kunckel, and Fontanieu have left in their writings 
many recipes for the preparaticHi of artificial gems through the 
emplo]fment of different coloring materials. The directions, as 
given in the works of these authors, difier so importantly the one 
from the other as regards the proportions best fitted for the 
composition of the same article, that we are forced to believe 
either that some great errors have been committed on the part 
of their subsequent editors, or that the writers themselves were 
wanting in the kind and degree of knowledge to which they 
pretended, and which were required to fit &em for the task 
they undertook. 

A few of these recipes, and such as appear most free from 
this objection, may be here given. 

The basis of each of these compositions is most firequently 
either one of the colorless glasses or pastes described in Chap- 
ter Vn.,or some other very similar vitreous compound; but it 
sometimes happens that the constituent materials of the glass, 
and the proportions wherein they are to be brought together, 
are indicated as well as the colormg substances. 

The following is recommended by Neri, as furnishing a very 
excellent imitation of the garnet: — ^Rock crystal 2 ounces, min- 
ium 6 ounces, manganese 16 grains, zaSre 2 grains. This must 
be a very inconvenient composition, both on account of the ex- 
ceeding softness of the glass, and the destructive efi^ect it would 
have upon the crucible during the time of its preparation. We 
learn from the analysis of Berzelius, that the coloring matter 
of the ** precious garnet," that being the variety which it is 
wished thus to imitate, consists of the black oxide of iron and 
oxide of manganese. A more modem recipe than the for^ 
going for the successful imitation of this gem, consists of purest 
white glass 2 ounces, glass of antimony 1 ounce, Cassius^s pre- 
cipitate 1 grain, oxide of manganese 1 grain ; which composi- 
tion is firee from the objections to which that of Neri is^so justly 
exposed. 

The directions of Fontanieu fi)r imitating the color of the 
amethyst are, that to 24 ounces of the glass composed according 
to instructions given in Chap. Vn. under the number 5, are to 
be added half an ounce of the oxide of manganese, 4 grains of 
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the purple precipitate of gold, and I^z. of nitre, bat it is im- 
possible to believe that the recipe of Fontanieu has been cor- 
rectly ffiven. The quantity of coloring matter here indicated 
would be better proportioned to 24 pounds of glass, than to the 
same number of ounces as directed. 

Many, and greatly varying instructions have been given far 
imitating the emerald. Fontanieu recommends 160 parts of 
any ^lass basis which contains a large proportion of lead, 4 parts 
of oxide of copper prepared by simple calcination, and y^th of a 
part of any oxide of iron ; which last ingredient is added for 
the purpose of giving something like a richness of tint, and for 
correcting the coldness of hue that would result from the em- 
ployment of the oxide of copper alone. The presence of lead in 
the glass would also conduce to the same end. 

Another rule given from the same authority directs the use 
of 576 parts of glass, similarly constituted to that pointed out in 
the last receipt, 6 parts of the same oxide of copper, and only 
li^th of a part of oxide of iron; thus differing from the former 
compound, only as to the proportions whereui the coloring in- 
gredients are employed. 

A third receipt for the attainment of the same object is veiy 
different from the two preceding. It reconunends die enmloy* 
ment of 200 parts of nne sand, 400 parts of minium, 8 of cai- 
cmed verdigris, and as much as 1 part of oxide of iron. A fourth 
method for the composition of glass of an emerald green is, to 
mix, in due proportions^ some blue glass colored by means 
of oxide of cobalt, with yellow glass prepared with oxide of an- 
timony. A great many other prescriptions are oflfered foor the 
imitations of emeralds, but these vary more in the relative pro- 
portions of their ingredients than in the principle of their com- 
position; and it cannot, therefore, be necessary to insert them 
here. 

The imitation of sapphires is always efiected through the 
coloring agency of the oxides of cobalt and manganese. There 
is, however, a material difference as regards ttie basis of the 
glass in the various directions which are foimd for the purpose; 
one recommending that this shall be composed without lead, 
and another directing that this mineral shaU enter larsely into 
the composition of the paste. To 100 parts of glass of the first 
kind it is direct^ that 1 part of zaffre, and yUh of a part of ox- 
ide of manganese, shall be added. Where the second descrip- 
tion of paste is recommended as the basis, the artist is directed 
to prepare this by adding to 240 parts of glass frit made with 
only soda and sihca, 192jparts of minium, 2 of zaffie, and jd of 
a part of manganese. Tnis compound must be fused together, 
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poured into ^nwter, and then remelted as directed by Fontanieu, 
n>r the fiHmation of the pastes described in Chapter VU. 

The oxide of cobalt is, in the present day, a necessary ingre- 
dient in every imitation of the sapphire, so that it is neyer at* 
tempted to act without it We have seen, however, that a 
very fine blue glass was formerly made having the oxide of iron 
fi>r its coloring ingredient, and as it is known that the coloring 
property of real gems having that hue, resides in this metu 
when in some particular state of oxidaticm, we must own to 
having lost, in this respect, one means of imitatmg nature which 
was known and exercised by our predecessors. 

The colored glasses comprised in the foregoing descriptions^ 
are all translucent The preparation of others, which have the 
opposite qualilT of opacity, is efieeted either by means of applv- 
ing excessive doses of the same metallic oxides which, in small- 
er quantities, are used for imparting colors; or by the addition 
to mose oxides of some other substance which has the property 
of obstructing tbe rays of light in their passage througn &e 
glassL 

In general, the first method is used only for the productioii 
of bli^k glass, while the second plan is pursued with all other 
descriptions, as well those which are designed to'retain a peiv 
manent white color, as with yeUow, blue, green, or any other 
colored opaque glassea 

The most approved method of [n^paring black fflass, of good 
quality, which shall be of a full deep black and perfoctly opaque, 
is hy mixing together equal parts of black oxide of manganese, 
zaroe, and protoxide of iron ; adding one part of this mixture to 
fifte^i or twen^ parts of colorless transparent glass, and fusing 
the whole together. 

Some lar^ and beautaful slabs of perfectly black glass have 
lately been unported into London fcom St Petersburg, and ap- 
pear well fitted to be used a&substitutes for marble m the con- 
struction of certain articles of household fiimiture. 
/ White opaque elass, which has this quality imparted to it by 
means of the oxide of tin, is called enamel ; and it is this sub- 
stance of which the dial-plates of watches and of table clocks 
are commonly made. This compound is, however, too expen- 
sive for more ordinary uses, ande very good white glass is made 
for siich purposes by substituting for the oxide of tin, a consid- 
erable pn^rtion oi phosphate of lime in the state of a very fine 
powder. This subsUmce is procurable in great abundance, and 
at a moderate cost, in almost every situation. Phosphate of lime 
is extremely infiisible, so that the opaqueness of the glass with 
which it is united, arises ftom its holding in intimate mixture 
an unvitrescible earthy salt 

T 
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One receipt ffiven by Neri for producing white opaqoe glas 
is as follows :-~Mix together 60 parts of fine white sand, and 40 
parts of potash, with 10 of finely pounded bone-ash, and melt 
the compound during the same length of time as is usually em- 
ployed in ordinary ^ass-making. It is said that this glass is 
transparent for as long as it continues at a, full red heat; and 
that, as it gradually cools, it first puts on a milky appearance, 
and afterwards becomes whdly opaque. If this chai^ does in 
reality take place, and is not rather the result of a deception 
which prevents the proper distinguishing of its degree (^opacity 
while red-hot, it may probably arise from the circumstance that 
the excessive heat of the melted glass enables it to take up a 
greater quantity — ^in other words-^to supersaturate itself with 
Bie phosphate c^lime, which it parts with again in coolinfi^. 

Another receipt of the same artist is 1^ parts of cakined 
flint or fine sand, 70 parts of uitre, 12 of boraz, 12 (^tartrate d 
potash, 5 of arsenic, and 15 of bone-ash. 

Fontanieu has given directions for imitating the peculiar 
lustre of the semi-transparent opal, by mixing 576 parts oi his 
glass Na 9. (Chap. VIL,} with 10 parts of muriate of alver, 2 
purts of magnetic iron ore, and 26 parts of bone-ash. The 
beautiful play of colors exhibited by the ^ precious opal " is de- 
servedly an object of much admiration, and it has always been 
a subject of interest to imitate successfully so pleasing an eflfect 
Ornamental pieces of opal glass have usually been obtsuned 
from France ; but their production, of a quality fully equal to 
these importations, may now be witnessed in the London glaas- 
worka 

The peculiar delicacy and beauty of this glass do not appear 
while it remains in a state of fusion or at a red heat, and are 
not fully develqjed until it is sufficiently cooled to halve acquir- 
ed its quality of brittleness. 

Other colored glasses which are opaque, are made by the 
same processes as are followed wiA transparent glasses of the 
like colors, substituting for the common vitreous base^ one of the 
above described, opaque- white glasses. 

The ancients emploved methods of converting colored glasses 
into representations of natural objects, which were extremely 
beautiful, and the manner of producing which is now lost The 
existence even of this art is only known in these modem days 
from specimens which have been accidentally discovered ; and 
our knowledge of the peculiar nature of their formation is 
wholly derived from tlie examination to which these specimens 
have been subjected. 

T^he ^t mention made of these works of art is to be found 
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in the ** Collection of Antiquiti^** by count Caylus, who de- 
scribed them as composed df delicate dii^rent-colored fibres of 
glass joined with the greatest nicety, and con^lutinated into a 
compact homogeneous mass h^ fusion. Winkelmann, in his 
** Annotations on the History or the Arts amongf the Ancients,'' 
describes these same specimens as pictures made of glass tubes, 
and introduces them to further observation by these words : — 
** The works of the ancients in glass which are not noticed in 
the history-^of the arts, deserve particularl^r to be mentioned in 
this place, more especially because the ancients carried the art 
of working in glass to a much higher degree than we have ar- 
rived at; a fiict which, to those who have not seen their works 
of this kind, might have the appearance of a groundless asser- 
tion." 

The author just quoted particularly describes two small 
pieces of glass thus constructed which were brought to Rome 
in the year 1765, and which, indeed, appear to have been well 
deserving of his careful examination, as confirming the opinion 
he had given respecting the superior proficiency of the an- 
cienta The account of these curiosities cannot be better given 
than in Winkelmann's own words: — "Each of them is not 
quite one inch long, and one third of an inch broad. One plate 
exhibits, on a dark ground of variegated colors, a bird repre- 
senting a duck of various very lively colors, more suitable to 
the Chinese arbitrary taste, than adapted to show the true tints 
of nature. The outlines are well decided and sharp ; the colors 
beautiful and pure, and have a very striking and brilliant eflfect, 
because the artist, according to the nature of the parts, has in 
some employed an opaque and in others a transparent glass. 
The most delicate pencil of the miniature painter could not 
have traced more accurately and distinctly either the circle of 
the pupil of the eye, or the apparently scaly feathers on the 
breast and wings, behind the beginning of which this piece had 
been broken. But the admiration of the beholder is at the high- 
est pitch when, by turning the glass, he sees the same bird on 
the reverse, without perceiving any difference in the smallest 
points; whence we could not but conclude that this picture is 
continued through the whole thickness of the specimen, and 
that iC the glass were cut transversely, the same picture of the 
duck 'would be found repeated in the several slabs; a conclu- 
sion i)irhich was still fiirther confirmed by the transparent places 
of some beautiful colors upon the eye and breast that were ob- 
served. The painting has on both sides a granular appearance, 
and seems to have been formed in the manner of mosaic works, 
of single pieces, but so accurately united, that a powerful mag- 
nifying-glass was unable to discover any junctures. This cir- 
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cumstance, and the oontinuation of the picture throaghout the 
whole substance, rendered it extremely difficult to rorm any 
direct notion of the process or manner of forming such a work ; 
and the conception of it might have long continued enigmatical, 
were it not that, in the section of the fnicture mentioned, lines 
are observable of the same colors which appear on the upper 
surface that pervade the whole mass from one side to the other; 
whence it became a rational conclusion, that this kind of paint- 
ing must have been executed by joining variously colored fila- 
ments of glass, and subsequently Rising the same into one co- 
herent body. The other specimen is of almost the same size, 
and made m the same manner. It exhibits ornamental draw- 
ings of green, white, and yellow colors, which are traced cm a 
blue ground, and represent volutes, beads, and flowers, resting 
on pyramidally converging lines. All these are very distinct 
and separate, but so extremely small, that even a keen eye 
finds it difficult to perceive the subtle endings ; those, in par- 
ticular, in which the volutes terminate ; notwithstanding^ which, 
these ornaments pass uninterruptedly through the whole thick- 
ness of the piece." 

Klaproth, who had in his poasession some specimens of these 
antique compositions in colored glass, compiled a paper upon the 
subject, which was read before Uie Royal Academy of Sciences 
at Berlin, in October, 1798 ; and the collection of antiquities 
formed by Mr. Townley, comprised a ring which contained a 
singular antique glass paste, which represented a bird of so 
small a delineation, as not to be distmctly visible without the 
aid of a magnifying lens, and which yet had everv appearance 
of having been prcMuced in the manner describea by Winkel- 
mann. Numerous antique specimens, similarly composed, are 
deposited in the British Museum. They are for the most part 
fraj^ents, and it is to be regretted that we are without any 
records of their origin. 

Keysler, the account of whose travels to different parts of 
Europe in the early part of the last century contains a great 
variety of entertainmg and instructive matter, has given the 
following description of a mode of composing pictures in col- 
ored glass, which was at that time employed in decorating some 
of the churches in Rome. It will be seen that the roethol po^ 
sued by the Roman artists in some respects resembled tKat used 
for the composition of antique pastes, as described by Winkel- 
mann. Recourse appears to have been had to this mode (^pro- 
ducing pictures, in cases where the original paintings on wood 
or canvas were perishing through the dampness of the walls, 
and where it was wishal to supply their places with copies 
composed of an imperishable substanca 
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«« The materials ased are little pieces of glass, of all thedif- - 
fereot shades in every tint or color like those of the fine £ng» 
lifih worsted used in needle-work. The glass is first cast into 
thin cakes, which are afterwards cut into long pieces of differ- 
ent thicknesa Many of the pieces used in Uie works on roofs 
and ceilings, which are, consequtotly, seen only at a great dii»- 
tance, appear to he a fin^r^s breadth ; but the finer works con- 
sist only of glass pins, u I may call them so, not thicker than 
a common sewing-needle, so that a portrait of four feet square 
shall take up two millions of such pins or studs. These are so 
closely joined together, that, after the piece is polished, it can 
hardly be discerned to be glass, but rather looks like a picture 
painted with the finest colors. The ground on which these 
vitreous pieces are inlaid is a paste compoimded of calcined 
marble, &ie sand, gum tragacanth, white of eggs, and oil : it is 
at first so soft that the pieces are easily insert, and upon any 
oversight may be taken out again, and the paste new moulded 
for the admission of other pins; but by degrees it grows as hard 
as a stone, so that no impression can be made on the w(»rk. 

** This paste is spread within a wooden firame, which for the 
larger pieces must not be less than a foot in breadth and thick- 
ness. A piece of about eighty square feet, if performed with 
tolerable care and delicacy, will employ eight artists for two 
years. 

" The pins of the several colors lie ready before the artists 
in cases, as the letters are laid before the compositors in a 
printing-house; and such is their accuracy in imitating the 
finest strokes of the pencil, that the only apparent di^rence 
betwixt the original painting and such a copy is, that the latter 
has a much finer lustre, and the colors are more vivid." 

An accident occurred many years ago in the plate*glass 
works at St Crobain, which seemed to offer the means of ob- 
taining a bright red color for glass by the employment dP cop- 
per, at a much less expense t£tn has hitherto attended the pro-' 
duction of that tint from gold. 

It will be remembered that, in the manufacture of plate 
rrlass, when the refining is completed, and it is wished to trans- 
ter a portion of its contents from the melting-pot to the cu- 
vette, a copper ladle is employed. It is necessary, while usinff 
this implement, to dip it occasionally into water, lest it should 
become too hot and warp, or possibly melt On the occasion 
referred to, the workman having omitted this necessary pre- 
caution, the last of these misfortunes ensued ; dipping the 
heated ladle once too often in the melted glass, only part was 
brought out attached to its iron handle. 

It was imagined that the copper thus melted would sink, by 
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reason of its greater gmvity, to the bottom, and wodd be feand 
there in the metallic state on the emptying of the pot The 
casting and annealing of the plates were proceeded with ac- 
cordingly ; and, on their completion, the workmen were sor^ 
prised to find that not only were grains of metallic copper em- 
bedded in the substance of the ^ass, but bands uniformly col- 
ored of a fine bright red were distributed throughout the plates. 

The color must, in this case, have been produced by the cop* 
per, which was suddenly carried to the degree of oxidation 
necessary for its development M. Gu3rton-]V£)rveau, when in- 
formed of this circumstance, was desirous of ascertaining, by 
direct experiment, what means would be most efficacious in 
producing the same efiect The result of his endeavors has 
been published.* 

The . first attempt was made with plate glass. In order to 
bring the glass and copper mto more intimate union, the fiist 
was reduced to powder, and the other was used in the form of 
filings. The metal was used in the proportion of 3 parts to 
100 parts of glass : this mixture was brought to a state of com- 
plete fusion before the glass was poured out No success a^ 
tended this experiment, the glass appearing uncolored, and the 
copper remaining mixed wim it mechani^dly in the form of 
metallic globules. 

The next trial was made with common white glass, mixed 
with twice the proportional weight of copper filings that had 
iieen employed in the first expenment The compound having 
been completely melted, was found to have assumed a red color, 
which was uniformly diffused throughout the mass; but this 
color was so deep as to render the glass nearly opaque. 

A trial made with copper, already in the form of an oxide, 
imparted a greenish color to the glass. 

It is impossible not to remark that the circumstances under 
which these experiments were conducted, as detailed by M. 
Guyton-Morveau, differ in some essential particulars from those 
which accompanied the accident by which they were suggested. 
In that case, the glass was already in the state of fusion, and 
• probably also in a liigh state of incandescence, before the addi- 
tion of the copper. Theproportionofmetalusedin the second 
experiment was evidently excessive ; and it is surprising that 
the efiedt produced did not lead M. Guyton-Morveau to try the 
eflfect of a smaller proportion. 

Attempts have been made to color glass by subjecting it to 
the action of heat, while surrounded by some cementing sub- 
stances already impregnated with metallic oxides as coloring in- 
' - ' 11 ..... ■ ■ ., I ■ , . „ ,. 
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gtedienta. In most of these cases the ^Ibsb remained perfectly 
colorlesB^ unless the heat had been earned sufficiently nr to in- 
duce devitrification; which state, as it renders the material 
opaque, furnishes sufficient objection to the use of this method 
of coloring. Even in those cases where transparency is not re- 
quired, the same e^ct can be attained by easier means, and 
free from a vpiy serious inconvenience, that of the adhesion 
of the cementing substance to the glass. Some curious &cta 
connected with Siis subject will be detailed in the concluding 
chapter of this volume, which treats of the devitrificaticm of 
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ON TBB ABT OT VTAIMINO ASD PAOmifO GfUUSS. 

This Art more recent than that of Coloring.— Encouraged by the Monki.— 
Early Specimen at St. Denia.— Art nerer much cultivated in England.— 
Sfrtendid Paintinn at Oouda.— Directions nven by old Authors for com* 
poeing Colors.— Fluxes.~Vehicles for diluting Colors.— Description of va* 
rious Stains.— Method of floating these.— Of painting on Glass.— Imitation 
of ground Glass with transparent Patterns.— Description of Kiln employKd. 
— Method of firinc.— Second and third firing.— Ancient method or fixing 
dififerent colored Glasses on each other. 

Thv invention of the art of painting on and staining glass, 
althou^ probably recent as compared with that of colonng[ the 
body of the metal when in fusion, is yet known to have existed 
for many centuries. 

The exact period of its adoption is, indeed, involved in much 
obscurity ; and it can, at best, be regarded as only a reasonable 
conjecture, which assigns its princijm excellence, if not its ori- 
gin, to the fostering care of those religious communities whilsh, 
upon the breaking up of the great western empire of Rome, 
became, and for so long a peri^ thereafter continued, the sole 
depositaries of learning and the arts in Europe. 

jSndowed by the piety or superstition of their unenlightened 
followers with revenues far beyond their personal wants, the 
.clergy of that time expended a portion of their supierfluous wealth 
in the construction of those splendid temples which attest to the 
present day the architectural skill and genius of their founders, 
remaining unsurpassed and almost unrivalled in their kind as 
objectsof admiration through a great portion of Europe. The 
mmisters of a religion which addressed itself to the imagina- 
tions and title feelings of its votaries, they could not, perhaps, 
have adopted more effectual means ibr obtaining and perpetu- 
atiog theu- influence over the multitude. Some idea of the ex- 
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tent to which these means most have operated may be finrned 
by every one who recalls to mind the sensations of solemnity 
amountmg to awe wherewith he has himself been struck as he 
has stood beneath the lofly sculptured arches of a cathedral, or 
walked through its lengthened aisles, radiant with tints glow- 
ingthrough emblazoned windowa 

1?he earliest specimens of these embellishments difSat from 
those of more recent date in having been formed of snnall pieces 
of glass colored throughout during the process of its original 
manufacture, and which, to distinguish it from glass colored or 
stained by the methods that will be hereafter described, has 
been called by artists pot metal. Pieces of this, cut to the shapes 
required, were joined together in the manner of mosaic by the 
interposition of lead, in a way which has since fidlen greatly 
into disuse ; the method of staining and burning in metallic 
colors on the sur&ce of the glass having been found fiir more 
beautiful, admittin£r of greater variety of tints, as well as of 
those delicate shadmgs which were manifestly unattainable by 
even the most laborious composition in mosaic work. 

Perhaps the oldest existing specimen of this later-discovered 
art of jpamting on glass is to be seen on the windows of the ab- 
bey of St Denis, whereon were recorded, in 1194^ vaiioizs 
events which occurred during the first crusade. 

This art has never flourished to any great degree in England, 
where at no time have men of genius been much encouraged to 
apply their talents to its advancement : many among the most 
adnured specimens of painted glass which ornament our re- 
ligious edifices, are. the productions of forei^ artists. 

The great church at Gouda, in Holland, is splendidly embel- 
lidied with painted windows, which, about the year 1555, were 
executed by various artists, tlie most celebrated among whom 
were Dirk and Walter Crabeth. The one among the windows 
which is the most highly esteemed was paint^ by the first 
mentioned of these two brothers ; and Mr. HoUis mentions, as 
evidence of the value placed upon this work of art, that for the 
lower part of this window, — about twenty feet square, — Ui. 
Trevor, some time English resident at the Hague, had in vain 
offered to give a solid plate of gold of the same sur&ce, and of 
the thickness of three Dutch ^lilders. 

This particular division of the fine arts differs from other 
branches in contaming within itself fewer incentives to its pros- 
ecution. Its practice is accompanied by various laborious and 
diflfering processes. The range of subjects which it admits is 
far more circumscribed, and the opportunities which it offers for 
the display of excellence are far less frequent The artist is 
even without the gratification of witnessing the satis&ctoiy 
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progress of his own work, the appeannoe of which is oompom- 
tively dull and uninteresting until after it has passed from his 
own hands into those of ** r^ Lemnoe^ artisan." The sculptor 
and the painter in oil colors can seldom &il in procuring means 
for exhibiting their works; so that, according to the degree of 
talent evinc^ \^j them will generally be their encouragement 
and reward ; while the man who has conquered every disad* 
vantage attending the processes of staining glass, and who may 
have produced a piece, the conception and execution of which 
are alike honorable to his genius and assiduity, might look in 
vain for the opportunity of bringing its merits before the world. 
These works luive, therefore, seldom if ever been undertaken, 
unless at the requirement ot others, who, dictating J[)oth the 
subject and its details according to their own peciSiar tastes 
and wishes, leave nothing wherein the superior talents of the 
artist can be displayed, save the correctness of drawing and the 
elaborateness of execution. A man of genius will not consent 
to be thus trammelled, or follow,, for the attainment of a precari* 
ous recompense, one profession, when, by bringing to the ezec- 
cise of another the same amount of talent, and &r less labor, he 
may at once give scqpe to his conceptions and advance his 
worldly inter^ts. 

A much wider field than presents itself for the exercise of 
this art in England, is certamly oflfered in Catholic countries^ 
where not only is it more in accordance with the feelings of 
the people to ornament their religious edifices, but where a 
mucn fireer scope is given to the artist m the choice of subjects 
for embellishment Popular' legends of the saints in honor of 
whom their churches are named, which are shut out by our 
simpler form of worship and severer religious discipline, aflbrd 
a never-fidling source whence these subjects may be drawn ; 
while he who labors for the adornment of a Protestant church, 
is restricted to subjects founded upon mere scriptural authority. 
£agland has, indeed, within the last half century, produced 
some few proficients in this art, whose productions would do 
honor to any country : but the encouragement extended towards 
these talented individuals has been too limited to raise up, as in 
other pursuits, a succession of masters; while some, by whom 
it has at first been embraced, have been allured firom it by the 
more general and liberal patronage accorded to the professors 
of oil painting. 

Staining and painting on glass differ in some respects from 
all other rtyles of pictorial embellishment They agree, how- 
ever, generally with the processes used in painting porcelain, 
not oidy in the nature of the substances to be embellished, and 
in the materials whence the colors are derived^ but Ukewise for. 
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the most part in the methods used for the application of those 
colon, and in the necessity which exists for fixing them by ex- 
posure to a high degree of heat The art is, indeed, in most 
particulars, so extremely analagous to the methods employed 
for painting porcelain, and which have already been treated of 
in this volume, that it will not be necessary to occi^y much 
space in its description. 

The colors are drawn from the same class of natmral sub- 
stances as affixrd enamel colors; they are prepared, and &r the 
most part are applied, in the same manner ; while any diiference 
which may be found to exist in the mode of fixing and brining 
out the cTOCt of colors by the aid of fire, are more referrible to 
the varied forms of the articles than to any actual difiference 
observable between the habitudes of glass and porcelain. 

Boyle, in one of his letters on the subject of imbuing glass 
with metallic colors, wherein are detailed some experiments 
which he himself made in order to obtain a ruby color, relates 
also an anecdote of an artist, who wished, for some purpose, to 
prepare an amalgam of gold and mercury. With this view he 
kept the two metals for some time together in a state of fusion 
in a glajsB retort, when this at length burst with a tremendous 
explosion. Mr. Boyle adds, that he saw some of the fragments, 
and he declares them to be of the finest ruby color he ever be- 
held. 

Many directions are to be found in the works of old writers 
for the composition of stains and colors. Some of these agree 
veiy closely with recipes in use jit present, while others are 
evidently incorrect or incomplete ; it being impossible, by fol- 
lowing mem, to obtain the colors which they are said to fur- 
nish. There appears to have always existed a spirit of exclu- 
sion on the part of professors of this art ; and it has been said 
that this jealousy has even weighed with those among them 
who h&ve written on the subject, so for as purposely to give 
' false directions, that students might be deterred firom the fur- 
ther prosecution of their attempte. It is more charitable, and 
at the same time more consonant with probability, to imagine, 
that the errors which abound in these works are owing rather 
to the carelessness of transcribers and editors, than to wilfbl 
misstatements on the part of the authors. Let this be as it may, 
it still is certain that until the period when M. Brongniart pub- 
lished the results of his experiments and practice in regard to 
enamel colors, the public was not in possession of any informa- 
tion whereon reliance could safely be placed for their produc- 
tion. 

Various compositions are recommended to be used with the 
colors as fluxes, in order to promote their fusion when exposed 
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to the heat of the furnace : these compositkxDs are termed hard 
or soft fluxes, in proportion as they require a greater or kw 
amount of heat for their perfect fusion, and finr the production 
of their full effect upon the metallic oxides with which they are 
joined. In choosing between them, regard must be had to the 
peculiar nature of the individual substance or compound where- 
with they are combined, that the flowing of all in fusion ma^ 
take place aa nearly aa possible together. With this view, it la 
evident that a waste both of time and labor would be experi- 
enced, if any hard flux were used with an oxide which could 
be brought to melt at a low heat; and, on the other hand, that 
it would be still more improper to use a soft flux with oxides 
which are more refractory, seeing that the proper incorporation 
of the two substances could not possibly in that case be ooca^ 
sioned. 

Oxide of lead forms a principal ingredient in many fluxes. 
It is necessary, however, to be sparing in its use where it is re- 
quired to produce pink colors, as these would be injuriously 
acted upon by any excessive quantity of lead. Its place may in 
such case be advantageously suppliea by borax. 

A fluxing compoimd, very generally used, ia made by the 
unicm of thirty-two parts oi mnt glass with twelve parts of 
pearl-adi, and two parts of borax; which composition wiU fuse 
at a medium heat If it should be required to render this more 
fiisible, such an eflfect may be gained either by substituting for 
the pearl-ash four parts of red oxide of lead, or by increasinjar 
proportionally the dose of borax; and if, on the other hand, it ia 
desired to. produce a hard flux, this end may be attained by 
omitting the borax altogether, and adding an equal quantity of 
common table salt 

The directions for the preparation of fluxes for porcelain,/ 
which will be found in another part of this volume, apply equal- 
ly to those which are to be used with glass, and it would be 
therefore useless to repeat them here. 

When enamel colors are applied to glass, they are, besides 
their union with a fluxing material, mixed in the same manner 
as for painting on porcelun, with some substance as a vehicle 
for causing them to flow readily from the brush, and at the same 
time to prevent the colors &om blending themselves one with 
the other during tiie operation. Oil of lavender, balsam of 
capivi, oil of turpentine or of amber, or sometimes gum-water, 
are employed as this vehicle. The choice of any particular 
substance must depend, as in the painting on porcelain bodies, 
upon the nature of the coloring matters employed, and is of no 
real consequence to the ultimate appearance of the glass, since 
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the wliole will be entirely evaporated n^iea sulMrftted to the 
intense heat of the furnace. 

The cckxiDg compounds having been previously grognd with 
an apfHopriate flux upon either a porphyry er streng pbUe- 
glass palette, by means of a muller of the same matE^a^most 
again be ground in the same manner, and reduceii te^a'^n^r 
consistency with the vehicle just mentioned. The artist will 
do well to prepare at tot a sufficient quantify of every color 
required for the comj^etion of the object vdiich he has in^hand ; 
it being extremely difficult, if not impossible, to produce tints 
identically the same at any subsequent time, although the 
greatest attention be paid to the proportions of their ingredients: 
The injury which may be thus occasioned to the beauty o£ the 
piece need nbt be insisted upon. 

• Many objects may be painted on glass by persons who have 
not acquired any previous knowledge of the aj%of design. The 
transparent nature of the material enables the artist to see dis- 
tinctly both the outline and the shading of any pattern which 
may be fixed upon its under side. The outlines of every such 
pattern should be decidedly given ; and the whole contour and 
shading must be at once obvious when looking on its upper 
sur&ce. When the pattern paper is laid horiz^itally upon the 
glass, it must be secured by wafers at each of its four comers, 
to prevent its shiftmg ; the glass must then be placed upon an 
easel similar in form to a musicHstand, and fixed steadily upoa 
the table. Means should also be taken to prevent the mipping 
of the glass upon the easel, by passing a strin? across its &ce 
in any position that will secure this object, wimout interforing 
with the subject intended to be dravni. 

To support the arm of the artist while he is employed in 
painting, as it would be improper for him to touch the glass, it 
will be necessary to use a rest stick, in the manner observed 
by artists who paint with oil colors. 

It is considered advisable to trace the outline, in the first 
instance, with common Indian ink much diluted, before using 
for the purpose the pencil color, about to be described: the 
reasons for which are, that the strokes will admit of easier cor- 
rection, and that a rough line will be thus formed upon the sur- 
face of the plate, which, dry^ing immediately after the a{^lica- 
tion, serves to direct the pomt of the brush when charged with 
the color, and to occasion the delivery of the latter with greater 
ease and regularity than would be otherwise attainaue: by 
this means the artist may avoid any patching or altering of the 
outline, which would seldom fail to render the wqrk roog^ 
and unsightly, but which must be resorted to if the lines 
prove unequal or imperfect Faults of this kind may, indeed, 
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be partially corrected at any period of the process ; Ibiit as thd 
glass must be fired anew alter each application of color, and 
as the firings constitute the principal part of the expense, it m 
of course advisable to exercise all possible carefulness, in order 
to avoid, as itr as possible, the necessity for their repetition. 

The colcHT most usually employed for drawing the outlines 
and for shading diflferent subjects, and which is therefore caUed 
by artists outline or pencil color, is made of the safiron-colored 
oxide of iron commonly known in the shops by the name of 
croou mortis. This oxide must be well ground in combina- 
tion with an equal weight of aoiR, flux upon a porphyry or 
plate-glass palette, as before directed, and subsequently also 
with oil of amber as its vehicle. To provide fer the preserva- 
tion of its proper degree of consistency, the addition of one or 
two drops of balsam of capivi may be needed ; it is desirable, 
however, to make as sparing use as possible of this substance, 
which sometimes, when evaporated m the intense heat of the 
kik, willy through its greasiness, indispose the glass from 
taking the color properly ; and little vacancies may in conse- 
quence be left unoccupied, and requiring to be subsequently 
supplied. The pencil color thus prepared is a clark-reddish 
brown, and remams unaltered by the heat of the finnoace. In 
order that the outline, while it is sufficiently decided, may at 
the same time be fine and clear, the pencil color must be used 
as little moistened as will admit of its flowing from the brush ; 
&nd until it has become perfectly dry and haid upon the glass, 
no subsequent part of the coloring process should be commenced. 

If when the pattern is wafer^ on the glass, and the outline 
has been completely traced, it is desired to make one or more 
copies of the fi^re upon o^er plates of glass, this may be done 
without removmg the paper from the tot, by simply placing 
the second and other plates in succession upon that to which 
the pattern is attached, the transparency of which will admit 
of the outlines being traced with the same ^icility as if the 
pattern had been transferred to each individual plate. 

The best crown-glass is generally chosen fi>r painting or 
staimng, as being most transparent and firee fi-om color. 

The colors must be laid on with a long-haired sable pencil ; 
its handle must be of a length which will allow the artist to use 
his hand with fi'eedom, and should be securely attached to the 
brush, so that the two cannot become disunited. If such an 
accident were to occur as the falling of this brush charged 
with color, it would be impossible adequately to repair the mis- 
chief by any means short of obliterating the whole, and begin- 
ning the work anew. 

"[n^e shading and coloring are very firequenltly perfcomed 
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upon opposite sides of the glass ; and this condition is almost 
invariably observed where the color to be applied is one which 
can be made to flow with sufficient fireedom, or, to use the 
phrase employed by artists, which can be floated on the sur&ce 
of the glask In cases, too, where it is desired to produce tints, 
such as many shades of green, which would result from the ad- 
mixture of two difierent colors, this same effect is produced by 
applying one of these to the &.ce, and the other to the reverse, 
of the glass. 

There are only three colors, strictly speaking, which can be 
floated on, and which are caJled stains, to dStinguish them 
from others which must be laid on by. the strokes of a bru^ 
These stains are orange, red, and lemon-yellow. They are 
composed according to the following recipes: — 

Orange stain. Melt together in a crucible 2 parts grain or 
virgin ^ver, and one part of crude antimony. When cold, 
this compound must be pounded and sifted ; and when used, 
must be mixed with 6 times its own weight of Venetian red, 
and diluted with cold water to the consistence of cream. 

In floating this stain upon the^glass, a large camel-hair pencil 
in a swan's quill, or a flat varnish brush of the same material, 
must be used. The glass should be taken in the left hand, 
while the other is employed in floating the color ; the move* 
ments of the first being so managed, that the stain as it quits 
the brush may float gently and evenly over the surface. Ifv 
after this, the glass is placed upon a level table, the stain will 
dry in about twelve hours, when it is in a flt state for the kiln ; 
am upon the application of a moderate heat, a deep gold-colored 
stain will be produced, which will have penetrated the sub- 
stance t)f the plate, and which will continue unimpaired by 
time. A lighter-colored orange stain may be obtained by in- 
creasing the proporticm of Venetian red, relatively to the quan' 
tity of silver and antimony. 

Ked stain. In no particular is the. di^erence between an- 
cient and modem stamed glass more observable than in the 
absence from the latter of that brillumt scarlet tint, which is 
most generally seen on the first, and the art of producing- 
which appears to be lost. The red color which artists are now 
accustomed to employ as a substitute for this, is tame and cold 
in comparison ; and to give it any good efiect, requires the aid 
of artifice, in placing it amid brilliant lights, or surrounding it 
with cold colors. The modem red stain is produced by addm^, 
immediately before it is applied, thr^e drops of sulphuric acid 
to each pint measure of the orange stain last described : pre- 
cisely the same methods must be observed for the application 
of both^ 
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LemonryeUow s^in. This is made by adding to 1 part of 
pure silver (precipitated) 12 parts of finely powdered pipe-clay. 
These must be mixed together in a basin with cold water to 
the proper consistence, and floated on as before described. The 
tint of this stain may be rendered lighter or deeper by adding 
to or takings from tne proportional quantity of tiie pipe-cky. 
This, as well as the Venetian red, is of no effect in the produc- 
tion of color ; they act only as vehicles assisting to spread the 
metals equally over the surface of the glass: of course, the 
greater their proportions, the smaller wiU be the quantity of 
coloring substance upon a given sur&ce, and the lighter will 
he the resulting tint 

In addition to the above three stains, a fine transparent green 
may be also produced by first staining the glass on one side 
with lemon-yellow, and then painting it on the reverse side 
with a blue color. This combination will certainly not possess 
the same degree of clearness as is imparted by the simple use 
of either of the three stains which have been described, but it 
will have a good effect when used to represent foh&ge or for 
draperies in situations where recourse cannot well hQ had to 
the use of pot metal. 

Where many colors are employed which must be laid on 
with a brush, tne artist will apply some to the face, and others 
to the reverse, consulting his own &ncy or convenience in re- 
gard to this disposition of the tints. The rule which forbids 
the application of another color, until one previously laid on 
shall he perfectly dry, applies in all cases, and must be ob* 
served as well in covering the opposite sur&ces, as when 
various colors are applied to the same side. 

When all the tints are laid on, and are thoroughly dried, the 
glass is ready for the first burning, the manner of conducting 
which will be hereafter describe. After this has been per- 
formed, and the glass is removed firom the kiln, the artist should 
proceed to scrape off the superfluous colors which remain upon 
Its surfaces. If in the performance of this process care is taken 
to remove each one separately, these colors may be ground 
with a fresh portion of the vehicle, and employed on any future 
<^asion, as their coloring properties will be perfectly unin- 
jured. The costliness of some enamel colors renders this an 
object of some moment On the completion of this scraping, it 
will be seen that the glass has been penetrated by the colors ; 
and if due care has been taken in the choice and preparation 
of the coloring materials, and the previous processes have been 
properly conducted, there will be no necessity for any fresh 
application of colors : if even a few spots should appear, they 
will be removed by a second burning, which at the same time 
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wDl eonffldertUj heighten and faring out the cotora Shoold 



there, however, be any imperfections either in the stain, or 
painting, or pencil shading, these most be repaired by the artist 
previous to consigning the glass again to the kiln. 

It is sometimes wimed to give to glass the appearance of 
having been ground, leaving at the same time transparent lines 
or patterns upon its surface, the efiect of which is very pleasing 
to the eye. In preparing for the production of this appearance, 
the artist uses a large camel-hair pencil, the end of which is 
dipped into oil of amber, so as to take up only a small quantity 
at any one time ; and with this, holding the orush perpendicu- 
lar to the glass, every part of the latter must be dabbed so that 
the surfitce will be dunmed by the oil. This must not lie 
thicker on one part than on another, and should by no means 
be applied in sufficient quantity to give it a fluid appearance. 
Takmg then a mixture, composed of one part of white oxide 
of tin, with three parts of flux, previously well ground together, 
this must be sifted from a lawn sieve very gently over the 
glass, until the whole sur&ce is evenly covert The requi- 
site quantity of this powder will adhere slightly to the glass 
through the means of the oil ; and when, in the course of six 
or e^t hours, this has become sufficiently drv, the superfluous 
pow&r must be lightly removed with a soil brush made of 
badgers' hair. The appearance of the glass will now perfectly 
resemble that which has been ground. 

In order to produce lines or patterns upon its surface, that 
shall have the usual polish and transpar^it quality of glass, a 
pattern must be drawn upon paper, having its lines sufficiently 
strong to be visible through the powder ; and this being fixed 
upon the reverse side, the artist with a blunt wooden instru- 
ment scrapes off the composition in lines accordant with thoee 
of the pattern. The plate of ^lass having then been subjected 
to burning in the kiln, it will be found that the powder has 
been partially melted by the heat, and is so firmly united to the 
glass, that its removal will be extremely difficult 

It now remains to describe the particmar apparatus and pro* 
cess used for buminff-in the colors which have been applied to 
the surface of the glass. The size of the kiln is of course de- 
pendent on the magnitude and number of the pieces of glass 
upon which it may be desired to operate at any one tima It 
would be unwise to construct one of larger dimensions than 
are likely to be needed in use, as the due heatmg of the glass 
is more difficult and expensive, in proportion as the reutive 
size of the furnace is increased. 

The fflass is placed during the firing in a close iron box cv 
oven, which is called a muffie, and which is provided with, horv 
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zontal iron shelves placed at regular distances apart, whereon 
the plates are deposited. The relative sizes of the muffle and 
furnace are such, that a space not less than ]R)ur inches remains 
between the two on every side, by which means the fire may 
be made wholly to envelop the muffle. This receptacle is pro- 
vided with a tube proceeding from its front, and narrowing to- 
wards its extremity, without-side the furnace wall, the use of 
which tube is to examine the state of the glass firom time to 
time during the process of firing. The iron plates for support- 
ing and separating the glass, and which are fitted to the shape 
of the muffle, are kept at their proper distances, usually about 
one inch asunder, by legs of the requisite length placed at their 
four comers. The shape of the muffle is usually wider at the 
top than at the bottom, so that pieces of various dimensions 
may be contained in its different compartmenta The number 
of these bears reference to the size of the apparatus, some 
small muffles having no more than five or six, while others of 
greater dimensions are provided with double that number of 
shelves. 

If the plates of glass were placed in immediate contact with 
the iron shelves within the muffle, the metal would have an 
injurious efi^ct upon some colors. The iron is, besides, liable 
to be warped ; and, when the glass was brought into a softened 
state by heat, would communicate its own distorted shape. 
Another and a greater evil than even these would arise firom 
the too sudden variations of temperature whereunto the glass 
would be subjected, owing to the strong conductmg power of 
the iron, and which would imminently endanger the cracking 
of the glass. 

A perfect remedy for all these evils is found in previously 
preparing a smooth and even bed for the glass, by sifting 
pounded whiting to the depth of a quarter or mree eighths of 
an inch over the entire surface of the iron shelvea tfpon this 
bed the glass must be depcyited with every possible care, so as 
to avoid rubbing the colors. 

If more than one piece is committed to each shel? they must 
on no account be brought into contact, nor must they be al- 
lowed to touch or even to approach within half an inch of the 
side of the muffle. When, after proceeding in this manner, 
the muffle has been filled, or all the glass that is ready for 
burning has been deposited, the cover must be put on to the 
muffle, and the fire lighted. It is usual to employ coke and 
charcoal as fiiel for burning glass, both because they afford a 
steadier and more effective heat than coal, and because the sul- 
phur which the latter so commonly contains might have an evil 
effect upon the colors. 

U2 
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The piopet management of the fire in respect to the de- 
crees <x heat employed, is a thing which must he acquired 
Uiroagh practice, it heing impossible to give any written direct 
lions concerning it that will be efficacioua It may, however, 
be stated, generally, that caution is necessary in the first stage 
of heating, so as to avoid all suddenly great accessions of tem- 
perature ; but that when, on inspection, the glass placed in the 
centre of the muffle is seen to have acquired a dull red heat, 
the fire may be urged with safety, so that the whole contents 
of the kiln may he made to acquire an uniform white heat 
Wlien this efi^t has once been produced, no more firing is 
requisite ; the fuel which is already in the furnace must be al- 
lowed to burn itself out; and the kiln remaining thereafter 
closed, must be left to cool gradually daring ten or twelve 
hours, before it is attempted to remove the glass : at the end 
of this time it may be considered properly annealed. 

The process of the second or thira &*mg is conducted in pre- 
cisely a Bimihi maimer in aU respecta 

The same powdered whiting which has already served may 
be used again for an indefinite number of times, upon being 
ground and sifted as for its first application. 

Specimens of ancient stained glass have been occasionally 
fiyund, on parts of which the colors retain their full brilliancy, 
while on other portions they appear to be wholly obliterated ; a 
circumstance which has excited some surprise ; and no little 
ingenuity has been shown in the formation of theories to ac- 
count for this partial disappearance of colors. There is reason 
to believe, however, that no decay has really ensued, but that, 
while some of the colors have been produced upon these speci- 
niens by processes similar to the foregoing description, other 
pieces of glass already stained in the manner of pot metal have 
Deen applied to uncolored parts, and made to adhere bv the in- 
terposition of some fiuxing material, which, being soner than 
the glass, has been decomposed in the course of time, and 
these adjunctive pieces have feUen away. 
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CHAP. XV. 
im TBX AST OF cmrmio, viGRAViifo, AMD trcaaa on GLutk 

Origin of the Art of cutting Criass. — ^Implements. — Manner of their Employ* 
ment.— Frosting.— Patterns produced by Moulding.— Engraving on Glass, 
executed with the Diamond.— Etching.— Schwanbard.— Difference of his 
Practice from that now used.— Method of Etching.— Fluoric Acid.— ^rlas* 
Incrustations. — Origin of the Art.— Improvements thereon. 

Thx art of cutting glass is a much more modem invention 
than that of painting nm staining it, which has been described 
in the precedino^ cimpter. 

It is generaUy beueved, that Caspar Lehmann, originally a 
cutter of iron and steel in the service of tiie emperor Rudolphus 
IL, was the first person who attempted this mode of embellish- 
ing the material It was about the year 1609, when, having 
procured from the emperor an exclusive patent for using the 
art, together with the appointment of lapidary and glass-cutter 
to the court, ^hmann prosecuted his invention with much suc- 
cess in the city of Prague. 

Before that time, many artists had engnived figures upon 
glass, by means of the- diamond ; and their labors were greatly 
admired Some fflaziers had also discovered a mode of cutting 
^lass by the em^Moyment of emery powder, and sharp pointed 
instruments of hardened steel, as well as with heated irons ; 
but these methods were greatly different in the manner of their 
performance, as well as inferior in their efifect, to Lehmann's 
process, by which they were consequently, for the most part, 
superseded. It was, however, very long after the period already 
mentioned, that the art attained to any thing like the degree of 
perfection which it now exhibita 

At the end of the seventeenth century, glass-cutting was 
prosecuted to a great extent, and in a very improved style, at 
Nuremburg ; the artists of that place havmg much simplified 
the tools employed, as well as the methods used for their em- 
ployment 

In the present advanced state of the art, the glass' utensils 
and ornaments which contribute so greatly to the embellishment 
of our tables and saloons, owe much of their richness and bril- 
liancy to the elaborate manner in which they are cut This 
mode of omamentinQr glass, although it does not indeed offer 
any field for exercising the higher Acuities of genius and in- 
vention, yet calls for a considerable degree of taste in the ar- 
ran^ment of forms and figures. 

liie implements employed by the glas&<;utter, although, 
<iwing to the great variety of the work which he has to execute, 
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they are of necessity numerous, yet partake of the simplicity 
observable throughout the various processes of the manu&cture. 

In some principal establishments, steam power is used for 
giving motion to a shaft which causes the revolution of numer- 
ous large wheels or drums fixed thereon, and each of these being 
connected by a band with a pulley oi^ the axle of a smaller 
wheel, occasions the latter to revolve with great celerity : the^ 
small wheels are the cutting instruments. The occupation is 
frequently carried on in the apartment of an individual work- 
man, and in this case, only one large wheel, similarly connected 
with the aide of one of smaller diameter, is turned by means of 
a winch, a boy being employed for the purpose. In all other 
respects the process is identical, whether prosecuted in the attic 
of the artisan, or in the spacious &ctory of the manufacturer. 

The small wheels are so arranged, fiiat each can be unfixed 
without difficulty, and another sutetituted of a form better suited 
to the work in hand, or of a material more adapted to the stage 
of the process. 

As regards their forms, these cutting wheels are either nar- 
row or broad — ^flat-edged — ^mitre-edged, that is, with two feces 
forming a sharp angle at their point of meeting— convex or con- 
cave. In fact, so various are the wants of the workman, that 
as many as for^ or fifty wheels having differently shaped edges, 
are to be found in the workshop. 

The materials employed in the formation of these cutting im- 
plements ave, iron, both cast and wrought; Yorkshire stone; 
and willow wood. Wrought iron is, indeed, only used for cut- 
ters of the narrowest dimensions, and which it would therefore 
not be possible to make sufficiently tough of cast metal. Iron 
wheels are used only for the first or roughest part of the opera- 
tion, and their employment is even dispensed with altogether, 
where it is intended that the pattern shall be at all minute ; as 
the metal and the sand, which must be used in conjunction with 
it, would act too roughly, and frequently chip away portions of 
the glass. For such minute works, and for smoothmg down the 
asperities which will always be occasioned where iron cutters 
have been applied, a wheel of Yorkshire stone, moistened with 
water, must be used. The further smoothing and suhsequent 
polishing of the cut surfaces are eflfected with wooden wheels : 
for the first of these objects, the edge is dressed with either 
pumice-stone or rotten-stone ; and for imparting the high de- 
gree of polish that is requisite for properly finishing the process^ 
putty-powder is employed. 

Beneath each one of the cutting wheels, a small cistern is 
fixed to receive the sand, water, or powder which has been 
used ; and over the wheel, a small keg or a conical vessel is 
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placed, the cock or opening at the hottom of which is so situated 
and regulated, as that the requisite quantity of moisture will be 
imparted fix)m it to the wheel. The vessel which is placed 
over the iron wheel is ilimished with fine sand, and into this 
water is admitted in such quantity as will insure the constant 
delivery of the moistened sand upon the face of the wheel in 
such proportion as the workman finds most desirable. The 
emiery powder, rotten-stone, or putty-powder, are applied from 
time to time as required by the workman, on the edge of the 
smoothing or polishing wheel. 

From tiiis short description of the implements, the manner of 
their employment will be readily comprehended. The glass- 
cutter seats himself on a stooL in front of the wheel ; and taking 
in his hand the glass to be ornamented, applies this to the &ce 
of the cutter, the correctness of his eye and the steadiness of his 
hand being called into requisition, in the successive applications 
to the wheel, of those parts of the glass that are to be cut 
Placed at his right hand each workman has a small tub con- 
taining water, wherewith from time to time he washes away 
the particles of sand or powder which may adhere to the glass, 
that he may the better judge as to the progress of his work. 

It may readily be supposed that, in conducting a process of 
this nature, with so exceedingly brittle a substance, accidants 
will often occur through the breaking of the material. The 
frequency of these casualties will of course depend, in a great 
measure, upon the original quality of the material ; and this 
forms one reason why the best description of glass is generally 
chosen for the purpose of being cut 

In fitting up the machinery, it is plain that the utmost accu- 
racy must be exercised. If the cutting-wheels were allowed 
to turn upon their centres with the smallest degree of eccen- 
tricity, it would be quite impossible for the operator to proceed 
with any regularity in his work,- or to produce a satisfiictory 
elfect 

The wages of glass-cutters, in common with those of men 
employed in the different manufacturing processes of a glass- 
house, are paid according to the work wich they deliver in a 
finished and perfect state ; so that if any accident should occur 
to the glass while in their hands, as is frequently the case, the 
Workmen cannot claim any payment fi)r liie labor which they 
may already have bestowed upon, it Every man who follows 
the occupation of a glass-cutter is capable, of executing each 
part of the process, tdthough some will succeed better in one 
branch than in others. In large establishments there is gene- 
rally such a choice of work, that every workman has the op- 
portunity of providing himself with employment in that branch 
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which he prefers; besides this, two or more men, foimiog a 
sort of partnership, will frequently undertake work in con- 
junction, each of them performing that branch of the proceaa 
which he feels himself qualified to execute with the greatest 
success, by which division of labor the whole work is more ex- 
peditiously and probably also more satis&ctorily performed. 

The grmdinff of glass, or frosting it, in order to lessen its 
transparency, forms a branch of the glass-cutter's art The 
objects to which, in the present day, uiis grinding process is 
most commonly applied, are shades for soA«ning uie light dif- 
fused by table lamps. As the roughness is given to the inner 
surface of these classes, it is plain that they cannot be applied 
to the cutting-wheel for the purpose. Instead of this, the 
shades are, therefore, fixed in a lathe, and the workman, hold- 
ing in his hand a piece of wood which he covers with wet 
sand, causes this to rub with tlie necesseury desfree of force 
asainst the inner surfoce during the rapid revolutions of the 
glassL 

The amount and description of labor bestowed upon articles 
which pass through the glass-cutter's hands, must necessarily 
enhance their money value, and therefore circumscribe their 
use. Nor is there much reason to look for tiie discovery of 
any improvements in the processes whereby that labor can be 
BO abridged as that the manu&cture will be brought within the 
reach of a larger number of consumera Under this view, any 
method of ornamenting glass which can be ofibred as a toler- 
able substitute for cuttmg it, is likely to be fiivorably received 
by the public. 

Such an invention has recently been made the subject of a 
patent, under which glass vessels, having a variety of ^lapea, 
are formed with ornamental figured patterns impressed upon 
them. 

The method of producing these patterns is sufficiently sinh 
pie, and consists m placing a quantity of melted glass within a 
metallic mould of the required form, in the lower division of 
which the desired pattern is engraved ; and in then bringing 
down the upper section of the mould, and pressing the melted 
^lass between the two. The only skill required for the opera- 
tion is that of apportioning rightly the quantity of melted glass 
which is required for exactly filling the mould, so as to tsu^e a 
faithful impression of the engraved pattern. The two parts of 
the mould are connected together by means of a hinge, and 
the upper portion is provided with a long handle, which acts as 
a lever for imparting the requisite pressure. The lower sec- 
tion is composed of two pieces, which being opened, the glass 
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may be removed from the mould almost at the moment of its 
formation. 

Intended as a substitute for cutting, this art must certainly 
be considered inferior. The patterns imparted by the mould 
are deficient in the degree of sharpness which is imparted by 
the wheel. On the other hand, a description of ornament may 
be thus adopted, which is otherwise unattainable ; the figures 
may be either raised or depressed, and patterns the most minute 
and intricate may be produced. Armorial bearings, in particu- 
lar, may thus be represented, in a manner far superior to any 
engravmg, not only as the glass will everywhere retain its 
polish, but also because figures may be given in relief. Be- 
tween the cost of the two processes there cannot be any com- 
parison. 

Many specimens are preserved in collections of ancient glass 
which are ornamented with raised figures. These have been 
most probably produced by pressure within a mould while yet 
softened by heat, such a practice being one of great antiqmty. 
Engraved figures were likewise executed upon hollow vessels 
by the old Greek artists; and that celebrated engraver on 
stones, Lawrence Natter, afiirms, in his " Treatise on the An- 
tique, when compared with the Modem Method of Engraving 
on Precious Stonesj" that the same kind of instruments were 
used fi)r the production of these relics of antiquity, as were 
employed for the same purpose at the time when he wrote. He 
considers that the old artists undoubtedly used a wheel, which 
moved in a horizontal direction above the table at which they 
wrought ; and this opinion is in agreement with a passage in 
Pliny (Hist Nat libu xxxvi. cap. 26.) : — " Aliud flatu figura- 
tur, aliud tomo teritur, aliud argenti modo cielatur." On the 
other hand, to agree with Natter would be (o deprive Lehmann 
of his reputation as an inventor, although he may still be en- 
titled to die honor of having revived an art which had become 
obsolete ; and this, in the opinion of the learned antiquarian 
Caylus, himself the re-inventor of a sister art, is the amount 
of merit whereto Lehmann may justly lay claim. 

Li the middle of the sixteenth century, when glasses manu- 
^tured in the Venetian states enjoyed the highest reputation 
throughout Europe, it was common to find these ornamented 
by engravings executed with the diamond. More than an hun- 
dred years heid elapsed from that period, when Henry Schwan- 
hard, a pupil of Lehmann, was incited by the accidental cir- 
cumstance of the corrosion of his spectacle glass, to a method 
of etching on glass by means of some powerfiil acid liquor. 
His manner of preparing tliis liquor was kept secret by him ; 
and as no fluid, save fluoric acid, with which we are acquaint- 
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ed, has the pw p erty of acting upon the eur&ce of ghss, while 
the discovery of this powerful menstruum was not brought he- 
fore the world prior to the publication of Scheele's experunents 
in 1771, it is much to he regretted that the secret of Schwan- 
hard was snfiered to go with him to the grave. 

The method pursued by this artist in the application of his 
discovery wat different firom that which is practised at present 
This is, to coat over the entire sur&oe of the glass with var- 
nish, and, through this coating, to trace out the intended fig- 
ures, leaving the fflass exposed to the action of the acid only 
in those parts whidi are to be occupied by the figures. Schwan- 
hard, on the contraiy, first traced the figures, a»d, having filled 
the outline on the glass with varnish, applied his corroeive flaid 
to the remainder of the surface. By this means the figures 
were left in relief, and with their original polish, the efifect of 
which was pleasing, and totally dissimilar to the appearance of 
engravings with 3ie diamond, which latter circumstance it 
probably was that incited the artist to the adoption of his pecu- 
liar method, since his productions would, b^ that meania, be 
more readily distinguished from the works of'^others. 

The varnish employed by artists for defending, where it is 
requisite, the surface of the glass from the corroding power of 
the acid, is usually either a solution of isinglass in water, or 
common turpentine varnish mixed with a small proportion of 
white lead. 

By the aid of a very few implements, the art of etching on 
glass may be rendered a pleasing occupation for amateorsL 
Good crown-glass is the most proper to be chosen for this pur- 
pose. Having selected a square pane of the proper size, this 
should be first heated by immersion in a sand-bath, and then 
rubbed over with purified bees'-wax, the temperature of the 
glass being such as to cause the wax to melt completely and 
uniformly over its sur&ce. The pane, thus covered, must then 
be set aside to cool ; and it is important to observe, that every 
part of its fiice must be protected by this coating of wax; 
which, however, need not be tliick, and indeed should not be 
applied in sufiicient quantity to render the glass opaqut. 

A paper having the design boldly drawn upon it, may then 
be attached to the unwaxed under side of the glass; and this 
drawing will greatly assist the artist in performing the next 
process, that of tracing the design through the wax. The best 
kind of tool for executing this operation is a carpenter's brad- 
awl, which, as it IB flattened at the end m one direction, and 
rounded in another, may, according to the position wherein it 
is held, be easily made to trace lines having the requisite and 
different degrees of fineness. The pomt of a penknife, or any 
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Bimilar implement, may be used as a suljstitttte fip* the brad-awl, 
and with almost equal efficacy. In tracing these lines, tlie artist 
must be mindful that his instrument lays bare the surface of the 
glass throughout the whole extent of the strokes. 

A shallow evaporating basin of Wedgwood ware must next 
be employed. Its size eihould be such as will include within its 
area every part of the design ; and it must at the same time be 
sufficiently small to be completely covered when the pane of 
glass is made to rest upon its edge. Some ooaraely powdered 
fluor spar must then be placed m the basin, together with a 
quantity of strong sulphuric acid, sufficient to rorm with it a 
thin paste, when the two substances must be well mixed to- 
gether by stirring them. The quantity of fluor spar must of 
course be regulated by the size of the etching ; and it may be 
a sufficient guide on that head, to recommend that two ounces 
of the coarse powder be used when the basin is capable of con- 
taining a pint : these basins are readily procurable from any re- 
spectable dealer in earthenware. 

As soon as the acid and fluor spar are properly incorporated 
together, the pane of glass should be placed upon the basin, 
with the waxed side downwards, and a moderate degree of heat 
must be applied to the bottom of the basin : somewhere between 
120 and 140 degrees of Fahrenheit's scale will be found most 
eligibla Pei*haps the best means of providing a steady heat 
for this purpose is oflered by the 0and*bath, which was used for 
heating the glass before applying the wax. On this subsequent 
occasion, however, the temperature must never be sufficiently 
high to melt the wax, which in tliat ca^ would run over the 
glajss, and wholly destroy the efiect of the etching. 

Very soon after this application of heat, fumes of fluoric acid 
will rise copiously from the basin, and attack the unprotected 
portions of the glass. When the basin and its contents are once 
thoroughly warmed, the heat of the sand-bath may be advan- 
tageously diminished. 

After the glass has been thus exposed during half ap hour, 
it may be removed from the basin ; and first being rinsed in 
water, for tlie purpose of diluting or washing away the fluoric 
acid, the wax may be scraped off with a c(»nmon table-knife ; 
the design will then be found perfectly etched upon the surface 
of the glass. 

A metallic basin will answer perfectly for generating the flu- 
oric acid ; but it will be altogether improper to use any glazed 
vessels for the purpose, as the vitreous coating of such would be 
entirely destroyed. 

In performing this process, it is necessary to use some cau- 
tion; BB fluoric acid, ir lm>uc^ht into contact with the skin, will 
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quickly disorganize it, and produce wounds which may be pain- 
ful and troublesome ; a very little carefulness will, }iowever, 
st^ce for preventing any accident of this nature. 

When it is required thus to engrave other than plane sur- 
faces, another arrangement must be provided : the glass must 
be exposed to the fumes of fluoric acid in some deep vessel ; 
without, however, being suffered to come in contact with the 
pasty compound whence the acid fumes arise ; and the whole 
should be covered over, to confine and retain those fumes, bo 
that they may fully act upon the glass. 

Artioles made of flint gla^ are sometimes very tastefully or« 
namented, by inclosing within their substance various objects 
formed out of bodies which, being less fusible than glass, will 
not be altered in their farm or nature by the heat contained in 
this at the moment of their introduction. 

The art was first attempted about fifty years ago, by a glass 
manufacturer in Bohemia, who sought to incrust small fi^ires 
made with a grayish kind of clay. His success in this attempt 
was but moderate ; the material of which he made choice for 
his figures, expanded and contracted very unequally with the 
surrounding glass, and their adhesion to it was consequently 
imperfect 

The successful accomplishnient of this pleasing art has long 
been a favorite object with 'the French manufacturers, who 
have been unsparing of expense in their efforts for its perfec- 
tion. For a long time, however, their success was small, and 
the specimens produced by them were so costly, that but little 
encouragement was offered on the part of purchasers. The 
subject at that time principally chosen for the exercise of this 
art, was a medallion of Napoleon, whose courtiers evinced the 
desire of possessing his likeness in this imperishable fbrm, as 
being emblematic of their own unalterable attachment ! Im- 
provements have since been made by the French artists, which 
have enabled them to reduce the cost of these incrustations 
within more moderate bounds; but their manufacturers have 
hitherto mostly restricted themselves to the ornamenting in this 
manner of scent-bottles and trinkets. 

A few years ago one of the most considerable London glass 
manufacturers discovered the means of attaining to a higher de- 
gree of success, and is now enabled thus to ornament, in a very 
tosteful manner, various objects of considerable size ; employing 
for the purpose substances whose property it is to expand and 
contract equally with glass upon exposure to altered tempera- 
tures. This interesting art can by this means be applied to 
represent ornaments of almost every description. The appear- 
ance most usually given to them is that of silver ; but as the 
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metallic oxides may be employed for coloring the substances 
previous to their iacrustation, every variety of hue that can be 
used in enamel painting may also be imparted. 
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ON THE DKVrnunCATION or OLAM. 

First observed by Neumann. — Experiments of Reaumur.— Substance known 
as Reaumur's Porcelain. — Inappropriateness of this name.— Uses to which 
the Substance may be applied. — Common Bottle Glass most proper for this 
Conversion.— Method of effecting the Change.- Produced solely by Heat. 
— Experiments of Dr. Lewis. — Re vitrification. — Experiments of Sir James 
Hall.— Proposal suggested thereby.— Observations of Guyton-Morveau. — 
Artificial Intaglios.— Mock Onyxes.— Power of Devitrified Glass to bear 
sudden Chanses of Temperature.— Experiments with Colored Glass. — 
Glass devitrified by burning Lava.— The Process promoted by multiply- 
ing the Ingredients of Glass.— Devitrified Glass conducts Heat more per- 
fectly that when vitreous.— Becomes a Conductorof Electricity.— Retains 
this Property when revitrified. 

It was observed very long since by Neumann, that somd 
kinds of glass, if exposed during any considerable time to a 
high degree of heat, but below ueir point of fusion, are so for 
changed in their properties and texture as to become opaque, 
fibrous, and tough ; and so hard as to give abundant sparks if 
struck with steel, to cut any common glass readily, and to be 
.scarcely susceptible of abrasion by fiBi^. It hfus also been 
found, that in taking this form, glass so mr alters its nature as 
regards its qualities of expansion and conducting of heat, that 
it will bear a sudden transference from freezing to boiling 
water. 

That inde&tigable naturalist, M. Reaumur, made various 
experiments and observdtions on this phenomenon ; and, in the 
year 1799, communicated the result of these to the Royal Acad- 
emy of Sciences in Paris. The subject becoming by this means 
more generally known, glass, when thus converted, obtained, 
and has since kept the name, of Reaumur's porcelain ; a desig- 
nation which it owes to its appearance rather than to its real 
properties, which do not at all entitle it to be classed with por- 
celain. It is probably owing to the inappropriate name which 
the substance thus acquired, that so little has been done to- j 

wards a true development of the facts and circumstances at- ' 1 

tendant upon the devitrification of glass. Even the greater 
number of such scientific men as for a time entered upon the 
investigation, limited their labors to experiments with various 
cementing substances^ that they might arrive at the discov^ 
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of that one which would insare the concurrence of the greatest 
number c^ good qualities that diould be found in porcelain. 
The ftitility of these experiments has since been made evident; 
and it must be regretted that the same amount of research as 
was thus unprofitably bestowed, has not been given to elucidate 
the actual properties of devitrified glass, and to render it prao- 
ticallf serviceable to society. 

Reaumur was of o|)inion that its quality of resisting alterna- 
tions of temperature, its toughness, as well as the power it pos- 
sesses of withstanding the action of acid liquids^ render this por- 
celainous glass well qualified for the formation of chezpical ves- 
sels. The same opinion has been eaually held and declared by 
other philosophers who have brought their minds to the inves- 
tigation of the subject; and it appears singular that their sug- 
gestion should not, consequently, have been very generally re- 
duced to practice. This circumstance must further excite sur- 
prise, when it is considered in how many important operations 
of the laboratory such a substitute for metallic vessels would be 
advantageous. In operating upon any practical scale, the 
chemist is driven, for want of such a substitute, either to the 
employment of metals which are liable to be injuriously acted 
Upon by the matters under process, or is compelled to adopt 
vessels of platinum, the expensiveness of which places them 
beyond the prudent reach of most persons. In one mstance, a 
manu&cturer of pharmaceutical preparations, who is exceed- 
iiigly particular as to Uie absolute purity of his productions, has 
recently incurred the expense of constructing a pan of unalloy- 
ed silver, forty mches in diameter, wherem to evaporate vege- 
table extracts^ many of which, in some degree or other, act 
upon and are impregnated by copper. 

Could vessels formed of this fibrous glass be adopted with 
safoty, there would be nothing in their c(»t, especially when of 
moderate size, to prevent their general ado^on. Hie only 
circumstance hitherto assigned against this adoption is, that al- 
thoug[h the inner texture ra the glass is fine and white, the sm^ 
face is coarse and of a diity appearance ; but this must be 
thought a very insufficient cause for foregoing such decided 
advantages as are apparently ofiered through its emplo3rment 

All kmds of fflass are not equally qualified to undergo this 
conversion; with some descriptions, indeed, it wiU not ensue. 
Not any vitreous compound seems altogether proper for it, with 
the exception of common green bottle-glass, and perhaps also 
the ordinary kinds of window glass. 

The method commonly employed for efibcting the change is 
as follows .-—-The glass vessel is placed within a larger earthen 
vessel, in the same manner as is pursued for baking porcelain. 
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The entire space unoccupied by the glass is next filled by pour- 
ing into the vessel fine white sand, or powdered gypsum, so 
that the glass shall not be allowed at any point to come into 
contact with the earthen case. The oontaming vessel is then 
covered down, securely luted, and the whole is placed within 
the furnace. 

It was for some time generally imagined, that in this process, 
which is very similar to that which is known to chemists under 
the name of cementation, the glass owes the change which it 
undergoes to some chemical action of the gypsum upon its sub- 
stance : but this has been proved erroneous. It is shown by Dr. 
Lewis, in the detail of his various experiments, that not only 
may the nature of the powder be almost infinitely varied, with- 
out in the least affecting the operation, as fiir as regards the al- 
tered texture of the glass, but that the change equally and iden- 
tically goes forward in the absence of all cementing substance ; 
a fact which is conclusive upon the subject, and which proves 
that whatever may be the particular substance employed, 
whether sand, bone-ash, chalk, or gypsum, it acts merely by af- 
fording mechanical aid, sustaining the glass in its proper form 
during the period when it is softened by heat, and when, if de- 
prived of sach support, it would be liable to irreparable injury 
in falling together by means of its own gravity. 

In the course of experiments, which are detailed by him at 
some length,* Dr. Lewis placed several pieces of common wine 
bottles into crucibles, pouring over them the requisite quanti- 
ties of white sand, and placing them in a proper furnace, where- 
in they were heated during many hoiura In order to ascertain 
the progress of the change, pieces were withdrawn from time to 
time for examination. Those pieces which were first taken out, 
afler having been dunng several hours in the furnace, but with- 
out being heated to redness, exhibited no sort of change what- 
ever. In a low red heat the change went forward very slow- 
ly, but still was quite perceptible ; while in a strong red heat 
approaching to whiten^ and which only just avoid^ that de- 
gree of intenseness which would iiave melted the glass, the 
change went on rapidly, beginning at each surface, and spread- 
ing towards the middle ; so that, in two hours, the substance 
had assumed throughout the appearance of porcelain. 

The glass became first of a bluish color on the surface, and 
exhibit^ a very sensible diminution of its transparency. Afler 
this, it gradually became white and more opaque ; the texture 
no longer continued vitreous, but became fibrous, a^ already de- 
scribed ; and these fibres were disposed nearly parallel to each 

* Commercium Pbilosophico-technicum, p. 150. 
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other, tnd transvene to the thickneeB of the pieces The fibres 
IQrom both surfiioes oieetiDg in the middle, formed there a kind 
of partition, in which cavities were occasionally perceptible. 
By degrees this opacity and fibrous change were completed, the 
blue color disappeared, and was succored by a dull white or 
dun color. 

When exposure to the same high degree of heat was con- 
tinued after the production of this effect, the glass was seen to 
undergo a still further change of texture : the fibres appeared 
to be divided or cut into grains; beginning, as before, at the 
outer ends, and proceeding onwards towards the middle,, un^ 
the entire substance assumed a granular form, similar to ordi- 
nary porcelain. A still furUier continuance of heat caused the 
grains, which at first were fine and glossy, to become enlarged 
and doll, aad to change firom a compact to a porous, and at 
length to a ffiable substance, resembling a slightly cohering 
mass of white sand, not easily distinguishable from that wherein 
it was embedded. 

If ^lasB, which has been withdrawn from the furnace at the 
time it has assumed the fibrous state, be afterwards subjected to 
a very strong heat, it wiU melt into a semi-transparent mass, 
and may be drawn out in strings, which on cooling are found to 
have lost their fibrous quality, and to have resumed their for- 
mer vitreous state, being no harder than before the original 
cementation. This fusion of porcelainous glass cannot, how- 
ever, be effected, without the application of a degree of heat 
considerably more intense than is required for melting glass in 
its more usual form ; and it is also found that the feather the 
process of cementation has been carried, the higher must the 
temperature be raised for its fusion ; so that specimens which 
have been rendered granular are much more refinctoiy than 
such as are simply fibrou& 

Although, throughout the experiments of Dr. Lewis, no dif- 
ference in the actual properties of Reaumur's porcelain follow- 
ed the employment of different substances for embedding the 
glass,--its internal color, hardness^ torture, and the regular 
succession of its changes being the same in all cases ; — vet con- 
siderable difference was occasioned in its outward ccuor. If 
charcoal or soot had been used, these produced a deep black 
color, which was not affected by long exposure to heat in an 
open furnace. Clay or sand which was colored, connnumcated 
different shades of brown ; and white earths gave either gray 
or brown tingea The greatest degree of whiteness followed 
upon the use of white sand, calcined flints, or gypsum ; and the 
highest state of glossiness or brightness was cauised by the ecn- 
pbyment of pipe-clay. 
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In the account published by Sir James Hall of his highly in- 
teresting course of experiments on the effects of compression 
in mod%ing the action of heat upon a certain class of substan- 
ces, incidental mention is made of an important circumstance 
connected with this change in the texture of glass, and which 
seems to point the way towards the institution of a further 
course of useful investigations. 

Having placed in the closed end of a porcelain tube a portion 
of the substance which he was about to subject to the action of 
heat under pressure, it became necessary to introduce likewise 
within the tube some other substance, which could be brought 
to such a state as would oppose an effectual barrier against the 
communication of the principal substance with the atmosphere. 
The use of various bodies was attempted for this purpose, and 
each was successively rejected as inadequate. Among these, 
Sir James determined upon trying the effect of pounded glass ; 
which, being placed within the tube, above and nearly in con- 
tact with the principal substance, could be subjected to such a 
degree of heat as would fuse the glass, while the closed end of 
the tube might be sufficiently withdrawn from the action of the 
furnace; and when, in the prosecution of the actual experiment, 
this end should come to be placed in the strongest heat, that 
portion of the tube in which ihe then compact bely of glass was 
contained could be equally removed from a temperature which 
would again alter its form. 

The description of glass accidentally chosen by Sir James 
Hall for his experiment, was that which is best of all qualified 
for conversion into Reaumur's porcelain. Having introduced 
the tube wherein the pounded glass was contained within a 
mufHe heated to the temperature of 20^ of Wedgwood's scale, 
3677° Fahrenheit, he discovered, that in the space of one 
minute it entered into a state of viscid agglutination, similar to 
that of honej; and that when only one more mmute had elaps- 
ed, the entire particles were consolidated into a firm compact 
mass of Reaumur's porcelain : during the short period here mea-' 
tioned, the heat of the muffle had been uniformly sustained at 
the same degree. 

If a solid cylinder of glass, having the same bulk as the pow- 
der thus placed within me tube, had been exposed to the same 
temperature, it would equally have undergone a change from 
the vitreous to a fibrous state ; but the time required would 
have amounted to at least an hour. 

The result of the itiscovery thus unexpectedly made by Sir 
James Hall, renders it probably, that if common green bottle- 
glass, previously ground to powder, were introduced within aj)- 
propriate moulds, and exposed to an adequate temperature, i^ 
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would speedily and satisfactorily be converted into vessels of 
Reaumar^s porcelain ; and by tibis means, not only would the 
time expended be materially abridged, and fuel economized, 
but the manufiicturer would be relieved from one of the great- 
est practical difficulties which has been found to attend the 
conversion, and which arises from the tenacity wherewith the 
sand usually employed is found to adhere to the glass. 

This evil is frequently experienced to so great a degree, that 
tiie force required for their separation endangers the breaking 
of the vessel. Moulds of every requisite fbrm might be made 
without difficulty, of substances sufficiently refractory to remain 
uninfluenced by the temperature employed for the conversion, 
and which would deliver the glass freely upon its completion. 

M. Guyton-Morveau read, in 1810, before the French Na- 
tional Institute, a paper containing observations with a view to 
explain some phenomena that occur in the fabrication of glass.* 
In the course of his remarks, this celebrated chemist drew the 
attention of his auditors to several specimens of devitrified glass 
collected by him, which had been rendered opaque and fibrous 
by the long-continued action of heat in a porcelain furnace. 
Some of tliese pieces were converted, without having been sur- 
rounded by sand or gypsum, or any other cementing substance, 
ond yet exhibited the completest change throughout their sub- 
stance. 

One of his specimens, composed of bottle glass, had been ex- 
posed, during toee entire days, to the heat of 50 degrees of 
Wedgwood's pyrometer, and had acquired interiorly a rosy tmt, 
its fracture exhibiting fibrous lines, arranged in tiie form of 
stars, and converging towards tlje centre : this glass was suffi- 
ciently hard to scratch rock crystal. Another specimen of flint 
glass, which had been exposed during the same time, in the 
same furnace, exhibited only the commencement of crystalliza- 
tion at its suriface ; the interior retaining, unaltered, its original 
vitreous quality. 

- * M. Guyton-Morveau likewise exhibited some artificial intag- 
lios, made of bottle glass, which had been first soflened and 
moulded in a cupelling-furnace, on an impression taken with 
rotten-stone, and subsequently devitrified in the heat of a por- 
celain furnace. These specimens were sufficiency hard to 
scratch rock-crystal ; a quality which points out the fitness of 
such productions to be used as dies ror the preparation of in- 
taglios and cameos, the impression whic]) they receive and im- 
part being exceedingly chaste and perfect. The same quality 
suggests the advantage that would .probably be found in the em- 



* Ann« de Cbim. vol. Izziii. p^ 113. 
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ployment of Reaumur's porcelain in the composition of mock 
onyxes ; but, for this purpose, the ground and figures must be 
formed of separate layers of different-colored glass, which must 
be brought together by means of some fluxing material, and 
afterwards devitrified, in order to give them the requisite opa- 
city, and, in some de^ee, also, that hardness which is the dis- 
tinguishing characteristic of gems. 

One specimen, also brought forward on the same occasion by 
M. Guyton-Morveau, was a segment of a globe, composed of 
bottle-glass, which had been cut in the form of a watch-glass, 
to be used as a capsule, and afterwards devitrified. This piece 
might be suddenly heated red-hot, and immediately thrown into 
cold water, without experiencing injury. It might also be kept 
in heated sulphuric acid, without exhibiting the least corrosion 
or alteration of weight ; two qualities calculated to render its 

^ employment eminently advantageous for the purposes of chem- 

* ical analysis. 

The result of dififerent experiments made to devitriiy stained 
glass taken fix)m church windows, was likewise shown, on the 
same occasion, by M. Guyton-Morveau. Of various pieces thus 
treated, some were colored red by the precipitate of Cassius, 
and others blue by oxide of cobalt. One of the red specimens 
contained lead in its compoation ; this, on losing its transparent 
quality, had become of a spongy consistency, and appeared full 
of blebs; in the other piece, which was hard crown-fflass, the 
devitrification was seen to have pursued its usual and regular 
course, interiorly firom the two surfaces : it had acquired a pur- 
ple tinge, and was so little hardened that it might be scratched 
by rock-crystal. The piece which had been stained bv oxide 
of cobalt difi^red &om the last in more than one particular. Its 
hardness was so gr^at, that scarcely could any perceptible mark 
be made upon it by adamantine spar ; its blue color, which had 
the appearance of being somewhat weakened internally, was at 
the same time more intense at the surfiice, a variance which 
might, indeed, be more apparent than real, and which probably 
resulted fi*om the greater opaqueness it had acquired at that 
part ; as although the g^ss had lost all transparency, the devi-^ 
trification wasoy no means peifect, having* proceeded but a 
short distance below the surface. 

Glass has been converted mto Reaumur's porcelain during 
volcanic eruptions, by being enveloped in burning lava. Some 
specimens of this kind were obtamed after the destruction of 
Torre del Greco, in 1794 ; but it is somewhat remarkable, that 
this devitrifying effect has been by no means uniformly esdiibit- 
ed under the same circumstances, smce pieces of glass have 
been found, which, although completely embedded between two 
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opaque volcanic crusts, yet retain their transparency and vitre- 
ous qualities. The examination Df these particular specimens 
does not appear to have been carried sufficiently fiir to deter- 
mine the fact ; but it is by no means unlikely that the varying 
effect here noticed may have been owing to some difference in 
their origmal composition. 

The greater the number of suitable ingredients that are em- 
ployed in the composition of glass, the more easily and promptly 
does it become devitriiied. This circumstance wiU sufficiently 
account for the fact of bottle-glass being the most suitable of 
any for conversion into Reaumur's porcelain. Having been 
compounded without much attention to the purity of its ingre- 
dients, this substance contains a great variety of earthy salts in 
minute quantities ; while plate glass, which is a much more 
simple body, and in the manufacture of which the purified in- 
gredients are brought together in the precise proportions that 
are required exactly to saturate each other, can be devitrified 
cmly partially, and with great difficulty. 

^On the other hand, in the same manner as a solution com- 
pounded of a great variety of saline bodies forms its crystalline 
deposits in a confused manner, so is it also observed that the 
fewer the number of in^edients which are contained in devit- 
rified glass, the greater is the degree of regularity whereby its 
fibrous arran£:ement is attended ; and for this reason plate glass, 
where the difficult attending its devitrification has been over- 
come, furnishes, if not the most complete, yet certainly the 
most regul^ and beautiful specimens of Reaumur's porcelain. 

It has beien observed that glass, when devitrified, becomes a 
much more perfect conductor of heat and electricity than it was 
before it had changed its vitreous form. In fact, several pieces 
of glass, when converted into Reaumur's porcelain, could not 
be made to exhibit any sign of electricity by friction. This 
circumstance is rendered yet more remarkable by the fact, that 
glass which, having been once devitrified, has been made to 
resume its vitreous form by fusion, although it is thereby re- 
invested with its original density, fracture, and other charac- 
tepstics, yet shows no greater disposition to become electric 
than it exhibited during its state of devitrification. 
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